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FOREWORD 


This report addresses a housing problem that is most prevalent in 
outhwestern region of the United States; cracking of floors and 
caused by swelling and shrinking of the soil on which the house is 
. Laboratory and field investigations of five repair techniques 
on damaged houses in two geologic formations composed primarily of 
sive clay are documented in the study. Results of a 2-year 
ation of the ef fecttveneaa of the various techniques indicate 
damage caused by swelling and shrinking can be minimized by treating 
lab and soil as an interactive system. 

The information contained in this report should be of use both to 
wners and to professionals who must recommend repair procedures to 
wners. It was developed with the assistance of three Government 
leal Representatives: William J. Werner (deceased) Conrad Arnolts, 
onald J.^ Morony. 


Donna E. Shalala 
Assistant Secretary for Policy 
Development and Research 
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PREFACE 


his report is subject to the following limitations j 

!♦ The two year time span of the data collection 
is rather short. 

2. There is additional data collection in progress which 
could possibly alter the conclusions regarding the 
effectiveness of the techniques studied. 

3. Caution should be exercised in drawing general conclusions 
based upon a single experiment. Each remedial procedure 

was tried only once in each geologic formation. 

4. Successful application of any of these remedies depends 
heavily upon the knowledge and skill of the contractor. 

Not only -is it necessary to determine the correct quantity 
of water to be added/ but also the proper locations for 
adding the water. For example/ cupped and domed slabs would 
be treated differently. 
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ABSTRACT 


Remedial Measures Houses Damaged by Expansive Clay S 
laboratory and field investigations of various repair techniq 
two geologic formations whose residual soils are predomina 
clay. Five damaged homes on each formation were identified a 
stabilization techniques utilized for the foundation soils, 
had concave and convex curvatures , with corresponding damage 
fl ected in the superstructure . 

The effectiveness of various repair techniques to mitiga 
change in underlying soils with the slab and subsoil acting a 
entity were evaluated. Material s and equipment commonly avai 
industry were utilized. 

Moisture - temperature cells were installed in boreholes a 
of each side of the house slab and cal ibrated for existing so 
key el 1 ng p_oints were Inserted around the slab perimeter , with 
yations r_e_ferred to a permanent bench mark . Bench marks were 
-^^ch of the homes for accurate determination of slab diffi 
01 ®nk§_. Data acquisition of soil moisture i, temperature , and vi 
nrent was continued over four seasonal climatic cycles, or aom 
years . 

Results indicated damage to a home resulting from foundai 
swell ing and shrinking can be minimized by treating the slab ; 
Interacting system. By establishing the water content of the 
soil at 2-3 percent above the Plastic limit of the soil and i* 
soil mas_s_ or maintaining this moisture content, the volume cht 
.seasonal weather cycles would be reduced to a minimum. 


expansive clay soils in the Southwest United States and in 
jr the Dallas - Fort Worth Metroplex are detrimental to successful 
nee and behavior of single family residences and other light con- 
n constructed on concrete slabs-on-ground. The combination of 
ary clay deposits containing significant quantities of Montmorillonite 
and a semi-arid climate permit volume changes in the soil which can 
antly damage or result in a structurally unsound residence. 

s report documents the behavior of 10 residences at various locations 
he Dallas - Fort Worth Metroplex. All houses were identified by 
D. Dallas Area Office and were selected from a group of H.U.D. 
uses that showed evidence of foundation/superstructure failure due 
nal soil movements. Five houses were founded upon the Eagle Ford 
rmation, and the other five were founded upon the Taylor Marl 
n, both very active soils. Other reports which are considered 
1 to the information contained herein are: 

"Interim Report of Remedial Measures for Houses Damaged by 
e Clay." October. 1975 (HUD - PDR - 131). 

"Interim Report of Remedial Measures for Houses Damaged by 
e Clay," November 1976 (HUD - PDR - 172-(a}). 

same remedial technique was utilized for houses located on the 
erent geologic formations. Five different techniques were utilized 
strate effective use of commonly available materials and equipment 
re a house to a useable condition. 

Two distressed houses on different geologic formations were used 
mine the effectiveness of utilizing high pressure lime slurry 
n procedures to stabilize the foundation soil. 

Two houses utilized a vertical capillary barrier of coarse lime- 
inhibit or minimize moisture migration. 

Two houses utilized a vertical barrier of lean concrete to isolate 
mass and mitigate moisture migration. 

Two houses utilized a vertical barrier made from a formulation 
,lt and ground-up rubber tires to inhibit moisture movement. 

Two houses utilized a buried subsurface irrigation system to 
I a stable moisture content in the subsoil. 


The subsurface soils at each house were instrumented wii 
temperature cells ir\ a borehole located approximately one foe 
house wall. The first instrument was located approximately c 
the perimeter beam and another instrument placed every 18 1nc 
four instruments were installed. The borings were located at 
of each side of the house (16 instruments per house). 


Permanent leveling inserts were placed in the perimeter 
each house to determine vertical movements with time. All el 
referred to a permanent bench mark Installed in the project a 


Data acquisition and evaluation has continued for two ye 
seasonal climatic cycles. In this minimal time period, certa 
conclusions are given. 


a. The addition of water to foundation soils will not 
eliminate prior movements associated with shrink and swell ac 


b. Vertical barriers which isolate a substantial soil 
useful techniques to restore damaged homes to a useable conf1 
with the barrier is the desireabil ity to raising the moisture 
the subsoil approximately 2-3 percent above the soil plastic 


c. For fissured expansive clay soils* data Indicate th 
pressure lime slurry injection techniques are not a competiti 
technique. 


d. Passive systems for soil stabilization are desireab 
quently, the use of a subsurface irrigation system should not 
further at the present state-of-the-art. 

This research study was made possible by the Office of P< 
and Research, Department of Housing and Urban Development. D, 
will be continued for another year or two additional climatic 
broaden the data base at which time an updated report will be 
Further data acquisition will be dependent upon instrument 11 
rates this far have been minimal . 


REMEDIAL MEASURES FOR HOUSES DAMAGED 
BY EXPANSIVE CLAY 


Section 1 
INTRODUCTION 


POSE AND SCOPE 

s report is in response to the requirements specified as item 1 
ports of Work, Final Reports, Phase 1 and 2, Attachment 1, to Contract 
; "Contract for Research and Demonstration of Remedial Measures and 
Foundation Design of Houses on Expansive Clay Soils." 

vious reports documenting actions of this research project and which 
ntial references to this final report are: 

"Interim Report of Remedial Measures for Houses Damaged by 
e Clay," October, 1975(1) This report documented results of 
d tasks in the referenced Statement of Work, as follows: 

Task 2 required field sampling of the soils in the vicinity of 
each of the 1 0 houses. 

Task 3 activities included laboratory support and determination 
of soil properties. 

Task 4 included the field surveys for existing conditions of the 
dwelling, installing instrumentation, installing leveling points 
around the house perimeter and for Installation of a permanent 
bench mark for data reference. 

"Interim Report of Remedial Measures for Houses Damaged by 
e Clay," November, 1976(2). This report documented results of 
d tasks in the referenced Statement of Work, as follows: 

Task 5 required stabilizing the foundation soil utilizing high 
pressure lime slurry injection procedures. Two distressed houses 
on two different geologic expansive soil formations were considered. 

Task 6 activities included the use of different type barriers to 
minimize moisture migration. For two different geologic formations, 


3. 


sisting of coarse sand and gravel. Two 
moisture barrier composed of lean concrete, ^ 

utilized a vertical moisture barrier made from a fortnu 
asphalt and ground-up rubber tires. 


Task 7 involved maintaining a stable moisture content 
foundation soil by means of a subsurface irrigation sy 
Two houses on two different geologic expansive soil foi 
were considered. 


This final report documents the results of Phase I. Includ 
acquisition, analysis, and performance parameters of the various 
tion techniques used in limiting the volume change in expansive ^ 
jected to climatic moisture and temperature cycles. 


The primary objective of Phase I of this research contract i 
investigate various remedial techniques which could be used to T' 
houses damaged by foundation movements to a useable condition, 
proposed techniques must demonstrate effective use of commonly a' 
materials, equipment presently manufactured and/or having a capal 
being modified, and being economically justified on a long term I 
has been established that the stabilization of expansive clay so 
necessary to accomplish this objective. The soil stabilization | 
anticipated to limit volumetric change in the subsoil caused by ! 
climatic cycles. 


1.2 BACKGROUND 


The work that is being carried out under this contract was I 
developments in applied structural and geotechnical theory that I 
by the Construction Research Center at the University of Texas ai 
The cooperative efforts of the Civil Engineering Department and 1 
Architecture, in close coordination with some of the leading hom< 
the Dallas Fort Worth metropolitan area, have produced a better i 
of the factors that contribute to foundation performance. 

Phase I of the research contract involved corrective measure 
to a carefully selected sample of 10 existing H.U.D. owned houses 
evidence of foundation/superstructure failure due to seasonal sol 
All houses were Identified by the H.U.D. . Dallas Area Office. Fi 
were founded upon the Eagle Ford Shale formation, and the other 1 
upon the Taylor Marl formation; both very active soils. Both fc 
of residual clay soils from the Geologic Gulf series of the Creta 

are nentic marine deposits. Volcanic materials were prominent a 
was widesorpaH af manw 


The residual clay soils were highly plastic and possessed the capacity 
rge volume change with changes of climate and soil moisture. These 
sirable features were stipulated parameters for selection of the ten hous 
tested. 

Remedial measures that could be used by the owner of an existing house to 
structural distress, or to apply as a part of a repair project, have bee 
lated and performance data over two years given. Phase II of this contra 
des performance data on experimental foundation design and construction. 



OF SUBSURFACE SOIL 


2.1 MOISTURE-TEMPERATURE CELL INSTALLATION lOCATlONS ^^ ^ 

Moisture- temperature cells were installed In four borings for 
ten test houses. The north (or most northerly) boring was always 
numbering continued consecutively, clockwise around the house. A 
boring code was used during field operations to insure correct loc 
first character was the boring number as previously described. T^ 
character was an upper case letter representing the compass direct 
ponding to the boring number. The third character was the moistur 
cell number. The moisture-temperature cell numbers ranged from Ni 
Number 4, As an example: 4W2 corresponds to boring number 4, we; 
house and instrument number 2, which was 2.5 feet below the grade 
addition to these borings, a fifth Instrumented boring was made at 
lected for treatment by the lime slurry-pressure Injection process 
borings were made outside the perimeter of the injection grid and 
the sunny west side of the house. 


2.2 MONITORING MOISTURE-TEMPERATURE CHANGES 


The installation of moisture-temperature cells allowed contir 
toring of the subsoil moisture and temperature changes at the perl 
test houses. Initial moisture contents were determined at all loc 
to beginning any corrective measures. Data acquisition for moisti 
ture and vertical movement of foundation soil continued through af 
four seasonal cycles or March, 1978. Comparative data analysis w1 
the effectiveness of each soil stabilization technique. 


2.3. LABORATORY CALIBRATION 


Individual moisture- tempera ture cell calibration curves were 
each of the 10 house locations in the Phase I portion of the proje 
calibration was performed simultaneously for the 11 slabs in the f 
of the project. Undisturbed three inch cores were obtained from i 
the field at the same depths that the moisture-temperature cells v 
stalled and were placed In a "jig" and split longitudinally using 
A moisture-temperature cell was placed between the two halves of t 
the core was then securely vised back together. A sample from the 
to determine the initial moisture content, and the sample was weic 
dry weight could be calculated. The core was then securely taped 
tape and placed inside a nylon mesh cut to fit the length of the c 
insured a confining effect while allowing for uniform evaporation 


rhe core was submerged in distilled water for about 48 hours to allow for 
3 te saturation of the soil, and at the end of this period, the excess 
ire was removed from the leads and nylon mesh. The sample was then weigh 
Lermine the moisture content and a resistance reading was made on the cel 

rhe sample was allowed to air dry for approximately four hours, and a 
i of 20 hours was allotted for equalization of the moisture content of th 
During the equilization period, the core was stored in a controlled 
ity environment. After the moisture equilization period, the core was 
3 d to determine the moisture content, and resistance and temperature read 
7 ere taken. The resistance readings generally increased with decreasing 
ire content. 

rhe pattern of air drying, equalizing, and resistance readings was re- 
1 until the maximum resistance reading for the ohmmeter was obtained or 
further drying was likely to cause excessive spalling of the soil upon r 
ition. The samples were generally recycled if the moisture content dropp 
five percent. At this point, the core was submerged for 48 hours, and a 
•ying cycle was begun. 

[t least two, and usually three or more, cycles of wetting and drying wer 
'med for every core. The decision to stop readings on core was based on 
;er calibration output. A total of 24 cores was used in producing ca11- 
)n curves for the 10 sites in Phase I. 


:0MPUTER CALIBRATION 


Vevlous work with moisture temperature cell calibration indicated that 
‘ation curves resulted in a linear semi log plot for each log cycle when 
:ance was plotted on the logarithmic scale and moisture content on the 
letic scale. 


rhe linear line segments for each log cycle were fit using the method of 
squares. The two defining equations for a least squares curve are: 


n 


n 


z y. « nk^ + K, i: x. 

1 0 I 1 


i-1 


z ^4 z X. + k, l x: 

1=1 11 0 1=1 k 1 1 


'Is the moisture content at the next hlahest loa boundary, x is eoual to 


= M C (J + 1) - 


The values of k and k, can be used to define a straight line u 
data of daily calculated moisture content resistance readings, 
these values are called A1 and A2 and were equal to the followi 

A1 =(zMC?) -(t Resist?) - ( EResist^ x MC^) {z Resis 


(Number of Points) {z Resist)^ - (;: Resist)^ 


A2 = (Number of Points){i: Resist^, x MC^.) - {eMC^)(K Res 


(Number of Points) (z Resist^ ) - ( zResist)^ 


The moisture content at the boundaries of each log cycle f 
squares straight line could then be calculated. The higher end 
squares line was equal to A1 + A2 * (I + 1 ) and the lower end w 
I Is the power of ten for the log cycle being considered. 

The general sequence of the calibration program CALIB was* 

1. Read In the number of data points in each log cycle, 
being 10^ and the lowest 10^. 

2. Test to see if there were any data points in the firs 
106. If not, test the next log cycle, and continue u 
cycle having data is found. Calculate the values of 
straight line for this data at the two endpoints. 

3. Go to the next lower log cycle and fit the least squa 
line. Calculate the values at the two end points. C 
cycles have been completed. 

4. Average the values at the end points for which two va 
culated. For example, if there were data points in t 
then 1 X 10® is the lower limit of this cycle and a v 
content at this point would have been calculated base 


/? c 

the range lO'^. However, 1 x 10 1s also the upper limit for data 
points in the log cycle 105, so a value of moisture content woul 
have been calculated based on data in the range 10^. These two 
values would have been averaged so that a single curve made up of 
connected straight line segments was obtained. 

5. The 95% prediction interval was approximated as being 2 ^ sigma fo 
data in each log cycle. The end points of the prediction interva 
were also end justified by averaging. 

Output consisted of the values of the end points based on the least sqi 
/e fit, the end justified values of moisture content and the log boundar 
the upper and lower limits of the prediction interval at the log bounda 
idditional calculations were necessary in order to plot the calibration < 

Laboratory calibration was continued for a core until the computer cal 
1 indicated that the recycling process was fairly stable. This was done 
ling the program CALIB for data from each drying cycle and comparing the 
its for each log boundary. Errors in input and poor soil contact betweei 

and the core could usually be detected from the computer results. For 
iple, Table 1 shows the end points obtained from Sample # 23, Lewisville 
Phase I. The variation in end points obtained for cycle 1 is attr1bute( 
' contact between the cell and the core for the first cycle. 

The problem of sample size was a continuing problem, with the smallest 
)er of samples being in the range of 10' and lO^, and 10^. More deviatit 
(een cycles was tolerated for these end points than for those having lart 
lie sizes. Table 1 indicates the number of data points per log cycle foi 
i house location for the samples used on Phase I and the number of dryinj 
es before an individual sample was considered stable. 

Also listed in Table 2 is the number of days of data collection per cor 
average number of days represented almost 3.5 months, and this excessiv( 
bration period required readings to be taken 7 days per week. 

The variation in values obtained from the various cores was attributed 
following factors: 

1. Limited sample size and deviation in sample size. 

2. Variation in sample material with depth. Samples were located at 
depths between 0.5' and 13.5', and all were taken from the same be 

3. Some samples showed poor contact between the cell and the soil for 
initial cycle. 

4. Slaking of material was noted in cases where the rnre her.ame exrer 


Based on prior experience in the calibration o find temper; 
rp rMU satisfactory laboratory calibration can be obtained by subjectim 
into’which the cells have been implanted to cycles of saturation and ' 
vinq. The results obtained by use of a program such as ^ CALIB were usefu' 
th in terminating individual core calibrations and in plotting the final n 
1 ts . 


Time requirements for laboratory calibration and by the limited accurac; 
the field installed cell would limit their use except in large installath 
data was available concerning the failure rate of the field cells, or on i 
riability in field readings due to cell characteristics. 


5 SUBSURFACE MOISTURE-TEMPERATURE DATA ACQUISITION 

The acquisition of data was planned to coincide with the acquisition of 
evation data. Plug in connectors were installed in weather proof boxes on 
ch side of the house foundation, and the instrument leads from the borings 
neath the center of the house were carried to one side of the foundation, 
w data was acquired by using a read-out box modified to accommodate the nun 
instruments in each borehole. The data, given in resistance values, were 
corded and reduced to meaningful values of moisture and temperature in the 
boratory. 

The master Calibration Curves for the 10 houses included in Phase I of 1 
oject are given In Figures 1 through 10, The variation of soil moisture ar 
mperature with time and depth below the slab grade beam will be discussed 1 
e section relating to the particular stabilization technique used. 


ENDPOINTS FOR CALIBRATION CURVE 
Sample #23 Eastwood St., Lewisville 
Depth 4.5 - 6.0 ft. 


10® 

10® 

10^ 

10^ 

10^ 

Cycle # 

0.00 

1.73 

6.80 

21.05 

27.67 

1 

3.52 

14.34 

18.60 

24.21 

28.80 

2 

4.78 

12.15 

18.92 

25.57 

28.99 

3 

4.16 

11.81 

18.63 

25.98 

28.90 

4 

3.95 

8.80 

11.88 

23.90 

28.53 

Combined 



TABLE 2 

# DATA POINTS PER SAMPLE 


Location 

Sample 

# 

10^ 

10^ 

10^ 

10^ 

10‘ 

Eastwood 

12 

17 

20 

14 

18 

6 

Lewisville 

23 

18 

30 

35 

32 

1 5 

33 

4 

4 

1 

2 

2 

Cedar Keys, 

13 

29 

46 

18 

14 

6 

Lewisville 

24 

39 

46 

26 

29 

1 5 

Sweetbriar 

14 

38 

34 

41 

14 

12 

Lewisville 

25 

0 

57 

11 

12 

9 

Cary Drive 

15 

21 

38 

15 

12 

6 

Mesquite 

26 

17 

40 

24 

22 

8 

Heath Street 

16 

21 

47 

17 

12 

5 

Mesquite 

27 

23 

47 

14 

15 

12 

Athens Street 

18 

16 

46 

32 

19 

10 

Mesquite 

32 

27 

30 

7 

11 

9 

Fess Street 

4 

12 

29 

26 

20 

16 

Dallas 

5 

23 

54 

18 

n 

4 


6 

19 

42 

15 

24 

6 

N.E. 32nd St. 

9 

16 

30 

15 

14 

7 

Grand Prairie 

10 

43 

45 

27 

20 

12 


11 

21 

55 

24 

30 

9 

Culmer Street 

17 

29 

47 

21 

23 

8 

Balch Springs 

31 

25 

19 

14 

13 

9 

Bluff creek 

19 

14 

32 

15 

18 

a 

Dallas 

28 

31 

61 

17 

5 

n 


34 

20 

14 

5 

9 

5 


Average Number of Samples Per Location 
Average Number of Days Per Sample 
Average Number of Cycles Per Sample 


10 
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Section 3 


LIME SLURRY INJECTION 


GENERAL 


High pressure lime slurry was injected in the soil profile surrounding 
ises damaged by differential vertical movements. The water-lime slurry ml 
; Injected into the subgrade adjacent to the perimeter of the foundation s 
fill fissures and cracks in the subsoil. The injection process increased 
sture content of the soil around the critical perimeter area where shrink 
! occurred. It has been postulated that the soil immediately adjacent to 
;sures and cracks filled with slurry would be modified by a reaction betwe 
[ lime and clay and the shrink-swell behavior will be minimized with time, 
‘ther, the lime encompasses clods of soil defined by tension cracks and ir 
)its volume change. 


HOUSE LOCATIONS 


The two houses where subgrade soils were lime Injected are representati 
those being investigated under Phase I of this project. One is located a 
I N.E. 32nd Street in Grand Prairie, Texas, and is founded on soils of tY 
lie Ford geologic formation. The other house is located at 2710 Cary Driv 
Mesquite, Texas, and is founded on soils belonging to the Taylor Marl gee 
lie formation. Details of the floor plan of each house, Injection patterr 
itrumentation, leveling points, permanent benchmark, injection procedure, 
t, investigation, and immediate damage reversal have previously bee 


1 VERTICAL MOVEMENT 


During the injection process vertical movement occurred due to the quar 
lime slurry being introduced into the foundation soil at high pressure, 
ement was recorded in order to compare the long term vertical movements v, 
lid be indicative of the effectiveness of the stabilization technique. A1 
itour surveys of each floor slab were performed after the injection proecs 


•1 830 N. E. 32nd Street, Grand Prairie, Texas 

The perimeter foundation soil for this house accepted 9,742 gallons of 
irry containing 10.5 tons of lime. The cost of high pressure lime slurry 

:tinn ac a t*amArl4a1 nnw, 4*^#. tiiMicA nav, 4 m a4' Ak, uia e 






An Increase 1n vertical movement occurred as expected due to the devel 
t of double layer water on the clay minerals. This Increase will contin 
11 equilibrium Is reached and then fluctuate with climatic cycle. The v 
movement Increase was related to the amount of moisture available, the 
e of desiccation of the foundation soil, and the amount of clay minerals 
montmorlllonlte group present In the soil to the depth of moisture migr 

As indicated by Figure 11 , the movement will generally lag behind the 
nt of the climatic cycle, but can be modified by the effects of trees, s 
watering habits or maintenance by the home owner. 

Figure 12 Indicates the change In elevation or differential movement m 
e along each side of the house. Normally, the greatest differential wll 
ween corners as two directions will contribute to movement. This, too, 
influenced by the factors previously mentioned and also by variation In 
pertles. Information shown in Figure 12 is also given In Table 3. 


.2 2710 Cary Drive, Mesquite, Texas 

The perimeter foundation soil around this house accepted 16,203 gallor 
e slurry containing 20.25 tons of lime. The cost of high pressure lime 
rry injection as a remedial stabilization measure around the house perlir 
$28.27 per lineal foot of the house perimeter. 

The vertical movement of the foundation slab appears to be approachinc 
ble condition as Indicated 1n Figure 13, for the same reasons as given 1 
agraph 3.3.1.. Also indicated Is the lag time behind the mid point of a 
;ic cycle. Figure 14 Indicates the maximum differential movement with tin 
mg sides of the house, and Is also given In tabular form In Table 4. 


1.3 Comparison of Vertical Movement 

It was evidenced during this project that the Taylor formation was vet 
ise and contained significant amount of silts and very fine sand. Plane: 
ikness or desiccation cracks permitted significantly more lime slurry to 
iected In the Taylor formation before refusal. The dense condition of tl 
)hly expansive soils allowed significant quantities of moisture to be ac( 
the active clay minerals to the depth of moisture migration. 

The volume of lime slurry injected into the foundation soils for the I 
2710 Cary Drive, Mesquite, Texas was 1.66 times the volume required for 
jse at 830 N.E. 32nd Street, Grand Prairie, Texas, or 16,203 gallons and 
^42 gallons respectively. The high pressures associated with this techn 
50 psi) win open planes of weakness in a fractured soil such as existed 
leath the house at 2710 Cary Drive, Mesquite, Texas. 
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North Side 


East Side 


South Side 


West Side 


Ft . 


.018 

.014 

.030 

.027 

.035 

.045 

.053 

.059 

.046 

.046 

.023 

.028 

.028 

.014 

.021 

.035 

.037 

.044 

.059 

.057 

.065 

,052 

.061 

.064 

.064 

.070 

.068 


In . 


.216 

.168 

.360 

.324 

.420 

.540 

.636 

.708 

.552 

.552 

.276 

.336 

.336 

.158 

.252 

.420 

.444 

.528 

.708 

.684 

.780 

.624 

.732 

.768 

.768 

.840 

.816 


Cm . 

B 

In . 

Cm. 

Ft . 

.549 

.011 

.132 

.335 

.006 

.427 

.010 

.120 

.305 

.014 

.914 

.021 

.252 

.640 

.030 

.823 

.027 

.324 

.823 

.028 

1.067 

.042 

.504 

1.280 

.015 

1.372 

.037 

.444 

1.128 

.023 

1.615 

.043 

.516 

1.311 

.010 

1.798 

.046 

.552 

1.402 

.019 

1.402 

.039 

.468 

1.189 

.021 

1.402 

.040 

.480 

1.219 

.024 

.701 

.036 

.432 

1.097 

.023 

.853 

.033 

.396 

1.006 

.027 

.853 

.034 

.408 

1.036 

.026 

,427 

.028 

.336 

.853 * 

.029 

.640 

,019 

.228 

.579 

.025 

1.067 

.024 

.288 

.732 

.026 

1.128 

.034 

.408 

1.036 

.022 

1.341 

.037 

.444 

1.128 

.016 

1.798 

.051 

.612 

1.554 

.009 

1.737 

.048 

.576 

1.463 

.008 

1,981 

.051 

.612 

1.554 

.008 

1.585 

.051 

.612 

1.554 

.012 

1.859 

.053 

.636 

1.615 

.009 

1,951 

.047 

.564 

1.433 

.002 

1.951 

.045 

.540 

1.372 

.010 

2.134 

.045 

,540 

1.372 

.on 

2.073 

.042 

.504 

1.280 

.020 


In . 

Cm . 

.072 

.183 

.168 

.427 

,360 

.914 

.336 

.853 

.180 

.457 

,276 

.701 

.120 

.305 

.228 

.579 

.252 

.640 

.288 

.732 

.276 

.701 

.324 

.023 

.312 

.792 

.348 

.884 

.300 

.762 

.312 

.792 

.264 

.671 

.192 

.488 

.108 

.274 

.096 

.244 

.096 

.244 

.144 

.366 

.108 

.274 

.024 

.061 

.120 

.305 

.132 

.335 

.240 

.610 


Ft . 


In . 


Cn 


.016 

.033 

.039 

.042 

.032 

.029 

.022 

.027 

.029 

.036 

.033 

.034 

.041 

.038 

.040 

.040 

.040 

.032 

.028 

.035 

.033 

.045 

.036 

.034 

.035 

.023 

.035 


.192 

m 

.396 

B 

.468 

1.1 

.504 

1.2 

.384 1 

.9 

.348 

.8 

,264 

.6 

.324 j 

.8 

.348 ' 

.8 

.432 

1.0 

.396 

1.0 

.408 

1.0 

.492 

1.2 

.456 

1.1 

.480 

1.2 

.480 

1.2 

.480 

1.2 

.384 

.9 

.336 

.8 

.420 

l.C 

.396 

1,0 

.540 

1.3 

.432 

l.C 

,408 

l.C 

.420 

l.C 

.276 

.7 

.420 

1.0 
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a 1 dAt/a + sArt nn Cl 


Li I * 


Differential Elevation 



ftorth Side 


East Side 


Ft. 

In. 

Cm. 

.094 

1.128 

2.865 

.088 

1.056 

2.682 

.115 

1.380 

3.505 

.126 

1.512 

3.840 

.234 

2.808 

7.132 

.233 

2.796 

7.102 

,133 

1.596 

4.054 

.205 

2.460 

6.248 

.081 

.972 

2.469 

.179 

2.148 

5.456 

.178 

2.136 

5.425 

.157 

1.884 

4.785 

.122 

1.464 

3.719 

.111 

1.332 

3.383 

.134 

1.608 

4.084 

.135 

1.620 

4.115 

.156 

1.872 

4.755 

.166 

1.992 

5.060 

.164 

1.968 

4.999 

.182 

2.184 

5.547 

.189 

2.268 

5.761 

,183 

2.196 

5.578 

.185 

2.220 

5.639 

.168 

2.016 

5.121 

.162 

1.944 

4,938 

.166 

1.992 

5.060 

.177 

2.124 

5.395 

.173 

.178 

2.100 

2,112 

5.334 

5.364 


.080 .960 

.101 1.212 

.082 .984 

.118 1.416 
.126 1.512 
.177 2.124 
.091 1.092 
.106 1.272 
.099 1.188 
.106 1.272 
.094 1.128 
.088 1.056 
.184 XX 
.104 1.248 
.116 1.392 
.111 1.332 


.131 1.572 
.177 2.124 
.177 2.124 
.166 1.992 
.171 2.052 
.194 2.328 
.187 2.244 
.210 2.500 
.227 2,724 
.206 2.472 
.198 2.376 

.198 2.376 
.199 2.388 


2.438 

3.078 

2.499 

3.597 

3.840 

5.395 
2.774 
3.231 
3.018 
3.231 
;2.865 
1 2. 682 
'5.608 
3.170 
’3.5S6 
; 3.383 
'3.993 

15.395 
'5.395 
I 5.060 

5.212 
5.913 
I 5.700 
16.401 
; 6.919 
I 6.279 
I 6.035 

! 6.035 
6.066 


South Side 
“I 

In. C 


.468 
.444 
.552 
.696 
.564 
.624 
1.008 
.840 
.840 
.864 
, .888 
1,092 
' .840 
I .804 
.528 
.756 
1.248 
1.116 
I .996 
1.060 
.948 
.948 
1.050 
1.440 
1.548 
1.236 
1.116 

1.176 
1 .188 










A comparison OT riyure I ' anu ij> payc 5 c.£anu 40 » inuiuaues uric niayii 1 uu 

vertical movement associated with this stabilization technique. A maxlmui 
tical movement of approximately 11 inches has occurred for the house at 2 
y Drive, Mesquite, Texas, and a maximum vertical movement approximating o 
h occurred some 10 months earlier at the test house at 830 N.E. 32nd Stre 
nd Prairie, Texas. 

It was also seen from the vertical movements given in Figure 11 page 25 , 
t climatic effects were having an Influence on the stability of the found. 
Is. These movements appeared to be dampening out with time, however, the 
t the condition exists would defeat the objective of the stabilization pr^ 
natic effects are not as apparent in Figure 13, page 29 , however, this wa 
ributed to the scale of the figure. It can be seen from Figure 14, page; 
magnitude of differential movements occurring over a short period of tim 
very undesirable. 

Figure 15, and Tables 5 and 6 , show a comparison of lime slurry pressu 
ection as a soil stabilization technique. Values shown are absolute valu 
give an indication of technique effectiveness as well as activity of eac 
mation for the period of time of this study. As each curve becomes asymp 
a horizontal plane, a condition of stability was considered approaching, 
seen the differential movements associated with a stability condition co 
be considered acceptable. 


SOIL-MOISTURE-TEMPERATURE CHARACTERISTICS 

The placement of moisture-temperature cells at specified depths in the 
ion soil have previously been discussedH >2), reiterated, that the 
ing for each Instrument string could not be placed closer to the perlmete 
de beam than one foot due to equipment limitations. Consequently, stabil 
g actions were approximately 18-24 inches outside the perimeter beam. Th 
izontal area completely around the- perimeter of the house was subjected t 
matic conditions to some degree. 

Moisture data 1s presented by plotting it at the same depths on all fou 
es of the test houses. Thus, there will be four curves at each depth wit 
foundation soil (except for 'the houses where lime slurry pressure Inject 
studied as a stabilization technique). Here five curves are presented w 
fifth curve Indicating comparative moisture contents of the soil at equi 
t depths for instruments established In a soil boring outside the Injecte 
a. 


Temperature data was analyzed In two ways: (1) temperature vs, time, 
average temperature for parallel sides vs. time. Cyclic variation is de 
plots of temperature vs. time. These plots have been developed for the d 
Instrument installation. Temperature data 1s averaged for the borings al 
allel sides of the structure. For each house and each depth, two curves 






I Date 

Movement | 

Feet 

Inches 

Cm. 1 

Feb. 

27, 

1976 

.018 

.216 

.549 I 

Apr. 

H, 

1976 

.049 

.588 

1.494 

June 

23, 

1976 

.073 

.876 

2.225 

July 

9, 

1976 

.074 

.888 

2.256 

Aug. 

16, 

1976 

.069 

.828 

2.103 

Sep. 

9, 

1976 

.076 

.912 

2.316 

Sep. 

29, 

1976 

.075 

.900 

2.286 j 

Oct. 

21, 

1976 

.086 

1.032 

2.621 

Nov. 

16, 

1976 

.075 

.900 

2.286 

Dec. 

2, 

1976 

.084 

1.008 

2.560 

Jan. 

21, 

1977 

.059 

.708 

1.798 

Feb. 

18, 

1977 

.062 

.744 

1.890 

Feb. 

28, 

1977 

.069 

.828 

2.103 

Mar, 

11, 

1977 

,057 

.684 

1.737 

Apr, 

4, 

1977 

.061 

.732 

1.859 

Apr. 

19, 

1977 

.075 

.900 

2.286 

May 

24, 

1977 

.080 

.960 

2.438 

June 

10, 

1977 

.076 

.912 

2.316 

July 

8, 

1977 

.087 

1.044 

2.652 

Aug. 

5, 

1977 

.094 

1.128 

2.865 

Sep. 

8, 

1977 

.099 

1.188 

3.018 

o 

o 

10, 

1977 

.095 

1 .140 

2.896 

Nov . 

4, 

1977 

.102 

1 .224 

3.109 

Dec . 

1, 

1977 

.098 

1 .176 

2.987 

Jan. 

4, 

1978 

.100 

1 .200 

3.048 

Feb. 

6, 

1978 

.093 

1.116 

2.835 

Mar . 

17, 

1978 

.095 

1 .140 

2.896 





Date 


Feet 


Movement 

Inches 


Cm. 


Mar. 16, 1976 

.119 

1.428 

Mar. 18, 1976 

.138 

1.656 

Apr. 14. 1976 

.128 

1,536 

June 23, 1976 

.226 

2.712 

July 7. 1976 

.244 

2.928 

Aug. n, 1976 

.235 

2.820 

Aug. 24, 1976 

.236 

2.832 

Sep. 15, 1976 

.215 

2.580 

Sep. 30, 1976 

.204 

2.448 

Oct, 22, 1976 

.179 

2.148 

Oct. 26. 1976 

.178 

2.136 

Nov, 18, 1976 

.179 

2.148 

Dec. 21. 1976 

.254 

3.048 

Feb, 7, 1977 

.171 

2.052 

Feb. 21, 1977 

.160 

1.920 

Mar. 3, 1977 

.174 

2.088 

Mar. 14, 1977 

.192 

2.304 

Mar. 25, 1977 

.198 

2.376 

Apr. 11, 1977 

.260 

3.120 

May 23, 1977 

.255 

3,060 

June 9, 1977 

.250 

3.000 

July 12, 1977 

.273 

3.276 

Aug. 11, 1977 

.275 

3.300 

Sep. IS, 1977 

,301 

3.612 

Oct, 21 , 1977 

.302 

3.624 

Nov. 11. 1977 

.287 

3.444 

Dec. 20, 1977 

.39.1 

3,492 

■Jan. 5, 1978 

.293 

3.516 

l^eb. 13. 1978 

5 00 



3.627 

4,206 

3.901 

6.888 

7.437 

7.163 

7.193 

6.553 

6.218 

5.456 

6.425 

5.466 

7.742 

5.212 

4.877 

5.304 

5.852 

6.035 

7.925 

7.772 

7.620 

8.321 

8.382 

9.174 

9.205 

8.748 

8.870 

8.931 




Averaging of temperature data was done to yield a less cumbersome grapi 
ever, it obscures the individual temperature variations that are present 
show these, calculations of means and standard deviations of temperature 
sented in tables for each boring and at each depth. The standard deviat 
icates the amount of variation contained in the data. A small standard ( 
tion indicates data which is clustered around the mean value, and a larg( 
ndard deviation indicates data which has large fluctuations above and be' 
mean. The standard deviations indicate the relative amounts of var1ati( 
1 time. These tables indicate the temperature is not uniform around the 
imeter. 


.1 830 N.E. 32nd Street, Grand Prairie, Texas 

Data acquisition for variation in soil moisture content with time, as < 
Mgure 16, began upon completion of the high pressure lime slurry pressi 
3ction. It is readily apparent that the soil moisture content immediate! 
2 r the injection process, and with time, has a wide variation. This vari 
indicative of the slurry migrating away from the desired area of treatmer 
the stabilization technique was effective, the soil moisture contents at 
ths of interest should fall within a very narrow band width and remain r( 
>ly horizontal with time. It can be seen that climatic conditions are ir 
jncing the soil moisture content at all depths of interest. In additioni 
t systems from trees and other vegetation would contribute to an appareni 
Btic effect at near surface elevations. The curve indicating soil moisi 
;ent at all depths of interest outside of the treatment area is not sign1 
;ly different than the four curves within the treatment area. This is ar 
Ication that moisture migration has not been appreciably inhibited and w« 
:tuat1ng with climatic conditions. 

The variation of the soil temperature as given in Figure 17 shows the c 
jrlstic sine wave with changes associated with climate. Temperature dats 
and should not have any or significant lag time as would be the case for 
;ture. At the depths of interest, the amplitude of the characteristic wa 
'eases with the depth of soil cover. The temperature means and standard 
;1ons are given in Table 7, 

Increasing the soil moisture content to a value of 2-3 percent above tl* 
;t1c Limit, which is desirable, was not successful utilizing this stabill 
1 technique. It can be seen that for each depth of interest, the molstur 
:ent should have approached and maintained a value of approximately 24-25 
:ent for an average Plastic Limit of approximately 22 percent. Instead t 
)ture content never exceeded 20 percent and fluctuated widely with the se 


.2 


2710 Cary Drive, Mesquite, Texas 


appropriate for this test house. 


The average Plastic Limit within the depths of interest was a| 
36?£. This would establish a desirable soil moisture content of 38- 
can be seen, initially, moisture contents approached this value bui 
be maintained by this stabilization technique. 

The variation of the soil temperature with time and depth is ( 
Figure 19. This figure illustrates the characteristic sine wave i 
tude decreases with depth. Temperature means and standard deviatit 
given in Table 8 , page 37 . 


3,4.3 Comparison of Moisture-Temperature Characteristics 

The variation of soil moisture content with time for these twt 
different geologic formations is as dramatic as the variation in vi 
ments. From the soils investigation for these two houses, the soi' 
perties such as natural water content, Plastic Limit, and Liquid L 
significantly higher in the Taylor formation, or the house located 
Drive, Mesquite, Texas. Further, the natural water content of the 
depth for the Taylor formation was significantly lower than the Pli 
of the soil. Within depths of interest in this investigation, the 
of soil moisture variation was as much as ^^% below the Plastic L1r 
Taylor formation, whereas in the Eagle Ford formation S% below the 
Limit appeared to be maximum. In addition, the percentage of montr 
clay minerals determined by x-ray Defraction Analysis was much gre< 
Taylor formation than in the Eagle Ford formation. For depths of ' 
the soil surface, the increase (in what) was as much as 45 percent 
elevations and 20 percent at the 7 foot depth. The lime slurry lar 
inserted to this depth; however, the extent of the moisture migrat 
and laterally along fissures and planes of weakness was unknown, ai 
would be a function of the degree of desiccation and past geologic 
However, It is believed that moisture migration was wide spread foi 
pressures of 150 psi, and both, the vertical movements and moistun 
support this premise. 

The high soeclfic surface area of montmorillonite clay minera' 
meters per gram), along with the large volume of water introduced 
profile of the house located on the Taylor formation versus the hoi 
the Eagle Ford formation Indicates the subsoil under the house at : 
Mesquite, Texas, was capable of retaining more moisture. Referenci 
page 30 , which compares the maximum perimeter differential movemen 
house where the subsoil was treated by lime slurry pressure inject 
figure indicates the significant difference in activity of the sub 
the houses on the Taylor and Eagle Ford formations. Similar indici 
given by comparing Figures 11 and 13, pages 22and 26, which shoi 
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<as, appeared to be approaching a stable condition within several months, 
5 foundation soils beneath the house at 2710 Cary Drive. Mesquite, Texas, 
itinued to swell appreciably for over 18 months. This condition may cont 
a reduced rate until the clay minerals have satisfied their double layer 
ter requirement for equilibrium. 

The comparison of Figures 17 and 19, pages 36and39, for soil temper 
'iation indicate excellent agreement. Consequently, it would appear that 
'iation of soil temperature with depth is essentially a function of cllma 
'Iation, and not a significant variable for magnitudes of vertical moveme 
tained. Both referenced figures give an Indication of the insulating pro 
soil. This is further justified by the values of temperature means and 
indard deviations with depth for both houses given In Tables 7 and 8 , 

. The correlation of temperature data is excellent and supports the acc 
other data values. 


5 EVALUATION OF LIME SLURRY PRESSURE INJECTION FOR STABILIZATION 


The use of lime to inhibit shrink and swell In clay has long been esta 
shed and used with excellent results. This has usually been In major con 
'uction where intimate blending of lime slurry and clay can be achieved a 
2 optimum water content of the mixture maintained. Excellent results hav 
2 n obtained using the injection process In stabilizing railroad sub-grade 
it have been restored to desirable configurations. The injection process 
5 also been used successfully in stabilizing large areas of soil to a 7 
)t depth, with the surface soil being blended with the returned slurry ant 
npacted to an optimum density. In all these Instances, sufficient space ‘ 
jally available to accommodate large construction equipment required to ac 
2 desired results. Consequently, long term modifications to clays may oc( 
1 shrink-swell characteristics will be altered. 

The use of established lime slurry Injection procedures to stabilize tf 
jndatlon soils around house perimeters to preclude excessive differential 
/ements would appear to have some limitations. The cost associated with £ 
abHization technique is of significant interest to the home owner, and u£ 
lime slurry pressure injection is the most costly of all methods used in 
jdy. A considerable investment in specialized equipment is required for 1 
jrry pressure injection and this necessitates the use of a contractor who 
“ciallzes in this type of work. Essentially, the same type of equipment 1 
quired for Injecting around a house perimeter as would be required along 
ther a railroad right of way or a large expanse of soil such as a parking 
an apartment complex. While equipment type may be the same, more special 
)n Is required for the subsoil around a house perimeter. 

The cost of lime slurry pressure Injection Is a function of the size of 
sa to be treated and the amount of time required to accomplish the job. F 
stressed house, space limitations due to lot size and adiacent buildinns 


) the foundation soil by a vibrating device at the top. It is extremely 
Picult to maintain the alignment of the lance in the soil with vibrating 
Ipment at the top plus a hose connection to the slurry pump which is injec 
at approximately 150 psi. Consequently, the injection hole tends to becc 
»rged permitting return of the slurry up around the lance, and this may or 
not be before an adequate amount of lime slurry has been injected into tt" 
lOil. The necessity of using hand held lances increases the labor require 
5 requirement, and cost. 

In using lime slurry pressure injection around a building perimeter the 
jnt of lime slurry remaining within or close to the narrow injected area i 
iterminate. The lime slurry is free to migrate away from the two vertical 
les defining the Injected area or barrier. If the clay is desiccated or 
ily fractured, the lime slurry may migrate laterally great distances, bot^ 
aath and away from a building. Not only will the slurry migrate along 
:tures and tension cracks, but the high pumping pressure (150 psi) used ir 
3 slurry pressure injection will permit planes of weakness in the soil to 
1 causing other avenues of lime slurry travel. Consequently, there is a 
jtion and doubt as to whether an adequate barrier has been or can be estat 
led which will inhibit moisture migration and restrict the shrinking and 
lling of the foundation soil. This is demonstrated by Figures 16 and 18 , 
2S38and 41. It can readily be seen that variations in moisture content a 
1 depth around the perimeter of both test houses Is varying with the hot a 
and cool and wet seasons of the year, with characteristic lag time. 

The use of lime slurry pressure injection around a building perimeter ha 
5letely different parameters than using the technique to stabilise a large 
I mass. For a large surface area, lime slurry migration into areas previc 
acted is inhibited by buildup of pore pressure within the areas previously 
icted. The end result is a large soil mass, defined by four vertical plar 
:h would be subjected to lateral lime slurry migration. However, the 1nt( 
the soil mass will have more uniform distribution of lime slurry than- coul 
axpected in injecting a comparatively narrow strip around a building. 


MOISTURE MIGRATION BARRIERS 


GENERAL 


Six houses damaged by differential soil movements were treated by utili 
)us type barriers to mitigate or minimize moisture migration. In additi 
Foundation soil moisture was increased 2-3 percent above the Plastic Lim 
l^ypes of barriers installed included a gravel capillary barrier, a rubbe 
'y barrier, and a lean concrete barrier. Each type of barrier was insta 
id a distressed house in the soil of each geologic formation being consi 

It was apparent from the beginning, that a desirable vertical barrier w 
2 ry difficult to install with conventional excavation or trenching equif) 
2 ntly being utilized in the construction and home building industry. Id 
squipment would be small and maneuverable to cope with directional chang 
ie house perimeter as well as avoiding any encroachment to adjoining pro 
5. The equipment must also be designed to be structurally strong and po 
snough to excavate a vertical trench no less than five feet deep and hav 
jsolute minimum width, without losing directional stability. These requ 
5 are not as stringent for new construction, but become very important f 
of remedial techniques in existing subdivisions. Equipment available wi 
limited to a nominal four inch trench width for an excavation depth of 
feet, and the nominal four inch width rapidly becomes a six to eight ini 
1 when excavating in desiccated materials. This will greatly increase tl 
of the vertical barrier. 

It is of interest to note that since the beginning of this research pro: 
)f the major manufacturers of excavation and trenching equipment presentl 
3 utilized in the construction and home building industry has reengineerj 
nodel to date that will allow the excavating arm to be moved to either si 
ie drive wheels. This capability will permit trenching immediately adjac 
house perimeter grade beam plus eliminating problems associated with 
:tional changes of the house exterior. Further, less trenching would be 
ired, less barrier material would be used and costs associated with a ver 
carrier would be reduced accordingly. Of equal significance, would be t^ 
i nation of an area approximately two feet wide multiplied by the length 
)use perimeter which would be subjected to greater climatic effects than 
larrier was immediately adjacent to the house perimeter beam. The elimin 
of this area would also contribute to lowering costs by eliminating exca 
3n of the horizontal area and sloping the barrier up to the bottom of the 
leter beam and then restoring the ground surface. 


v/ni Auunrvi 


oratid J r around which a granular capillary barrier was placed 

f thfpa^lI^FLd Lewisville. Texas, and isfounded on si 

31 e Ford geologic unit. The other is located at 9909 Bluffcreek 

Jocated in the area underlain by the Taylor 
formation.^ Details of the floor plan, leveling points, perm, 
lench mark, soils investigation, costs and increasing foundation soil mois 
ave previously been given. Contour surveys of each, floor slab prior and 
ubsequent to corrective actions have been reported. 


• 2.1 Vertical Movement - 1642 Cedar Keys Drive. Lewisville, Texas 

Data acquisition of vertical movements around the foundation perfmetei 
nitiated after the capillary barrier was in place and the foundation soil 
oisture content increased to 2-3 percent above the Plastic Limit of the s( 
he soil moisture content had to be detennined by test as any computed quai 
ity of water to be added to the soil would not be an accurate Indication, 
his was because free water could migrate across the capillary barrier and 
his did occur. 

The floor slab for the house at 1642 Cedar Keys Drive. Lewisville. Tej 
ad a "cupped" shape. The perimeter edges were higher than the Interior pc 
ater was added to the foundation soil from the interior of the house usinc 
uger borings at selected points. Damage reversal was observed in this hoi 
ithin a short time after the soil moisture content was increased and an ac 
ional contour survey of differential slab elevations was performed. 

Figure 20 shows the vertical movements along each side of the test hoi 
ith time. The performance period is for two years or the effects of four 
easonal cycles. It can be seen that the southeast corner of the house is 
fgh point and the southwest corner the low point around the perimeter. Ir 
lis area, it would be anticipated that the northeast corner would be the 
igh point; however, the anisotropic properties of the subsoil, the effect! 
F vegetation, and the degree of maintenance by the homeowner could accouni 
3r this elevation change which approximated 0.72 inches. In analyzing the 
srtical movements, the magnitude of elevation change along the south side 
F the house is considered important. The overall change in elevation fron 
ie southwest corner to the southeast corner approximates 0.23 foot or appr 
itely 2.76 inches. While this is a significant change in elevation, it ca 
2 seen that the change between leveling points is very uniform, which is n 
2s1rable. Of equal Importance is that the effects of seasonal or climatic 
langes are to a great extent dampened out. This is evident on the north a 
ist sides of the house as indicated in Figure 20, and also In Figure 21 v 
lows the amount of differential elevation with time along each side of the 
)use. Table 9 provides this data In tabular form. 
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cquisition for the test house commenced after installation of the 
arrier and Increase of moisture in the foundation subsoil. Again, 
amount of water could not be considered factual , due to free water 
cross the barrier, and the soil moisture content was determined by 


oor slab for the house at 9909 Bluffcreek, Dallas, Texas, had a 
pe, or the edges of the slab were lower than the slab interior, 
dded to the subsoil from the exterior of the house through the 
arrier and beneath the perimeter grade beam. While no immediate 
age reversal was noted, an additional contour survey of different 
levations was performed. 

22 shows the vertical movements along each side of the house as 
of time, and Figure 23 Indicates the maximum change In elevation 
long each side of the house. Data presented Is for a performance 
/io years and represents the climatic effects over approximately 
a1 cycles. Both the northeast and southeast corners of the floor 

approximately the same elevation, with the midpoint along the 
F the perimeter beam being slightly higher. The southwest corner 
int; however, change in elevation along the short west side is 
ie south side of this house has the greatest differential move- 
1 corners. Analyzing the configuration of the south side and the 
jta from level pins 4, 5, 6, 7, and 8, would indicate that climate 
'‘ubbery, and effects of home maintenance are Important considera- 
le southwest corner and even more so at the change in floor plan 
3n at level pins 6 and 7 where essentially there are two additional 
/ertical planes subjected to the previously mentioned considerations. 
Drner at level pin 6 may be postulated as being subjected to the 
Feet of climate, as accumulated data would Indicate. In effect, 

De considered an extension or continuation of the length of the 
F the test house where climatic effects are more pronounced in 


the vertical movements of all sides of the house are significant 
Figure 22 , the ‘differential movements as given in Figure 23 , 

0 have the greatest physical effect on the house floor slab. 

5 change 1n elevation between leveling points are relatively 
Icating the effectiveness of this stabilization technique. Finally, 
ind 23 indicate climatic effects are being dampened out and the 
elevation between leveling points may be attributed, to some extent, 
2 to changes in the subsoil physical properties at different loca- 
2 pths around the perimeter of the house. 
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Fig. 23 Differential Elevation on Slab Perimeter 
9909 Bluffcreek, Dallas, Texas 
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.051 

,612 

B -78 

.037 

.444 

1.128 

.016 

.192 

.488 


1.308 

3.322 

.055 

.660 

3-78 

.036 

.432 

1.097 

.029 

.348 

.884 


1 .236 

3.139 

.055 

.660 

0-78 

.027 

.329 

.823 

.026 

.312 

.792 


■ 


.060 

.720 
















r’evlously stated, It was observed during this test program the 
rmation appeared to be more dense than the Eagle Ford geologic unit. 

and Tables 11 and 12, show a comparison of the capillary barrier 
stabilization technique. Values plotted are absolute movements and 
idlcatlon of the activity of each formation for the period of time 
Tn this study. It may be possible, at some time In the future, 
tion of any free water to cross the capillary barrier and be taken 
nass of subsoil encompassed by the barrier. This could result in 
I vertical movement In the Taylor formation If the soil clay minerals 
Jditional water to satisfy the mineral double layer requirement, 
esent time, the maximum vertical movement around the foundation 
is greater In the Taylor formation than the movement In the Eagle 
3g1c unit for the capillary barrier stabilization technique. 


Soil Moisture-Temperature Characteristics - 1642 Cedar Keys Drive , 
rewisville, Texas 

acquisition for variation In soil moisture content with time, as 
'Igure 25, commenced upon completion of actions associated with 
ion of the capillary barrier as a subsoil stabilization technique, 
irent that the Increase In moisture content In the subsoil at all 
Interest was relatively successful. The narrow band width of soil 
:ontents for each depth and with time indicates the stability of the 
id effectiveness of the capillary barrier In Inhibiting moisture loss 
jubsoil . 

lomaly is apparent for the curves given in Figure 25, at a depth of 
)elow the perimeter beam. The moisture cells Installed 1n the boring 
it side of the house Indicate a moisture content significantly less 
on the other three sides of the test house. This anomaly may be due 
Ion of son properties at this depth and on the east side of the house 
investigation boring log Indicated a natural moisture content approxi 
ir percent above the Plastic Limit at this depth of interest and 1t 
!e that less than desired Intimacy of contact 1s existing between the 
:he moisture cell . 

iverage natural soil moisture content from the soils investigation 
)ercent to a depth of five feet. The average Plastic Limit to the 
1 was 20 percent. Figure 25 shows the moisture contents at all 
the subsoil to be at least 2-3 percent above the Plastic Limit and 
'elatively constant values with time. The exception to this state- 
)rev1ously been discussed. In addition, climatic effects are not 
ig subsoil moisture to any significant degree, within the soil mass 
I by the capillary barrier. 













Maximum Perimeter Differential Movement 








Date 

Movement 

Feet 

Inches 

Cm. 

June 2, 1976 

.022 

,264 

.671 

July 5, 1976 

.029 

.328 

.884 

Aug. 13, 1976 

.038 

.456 

1.158 

Aug. 26, 1976 

.040 

.480 

1.219 

Sep. 14, 1976 

.040 

.480 

1 .219 

Sep. 30, 1976 

.048 

.576 

1 ,463 

Oct. 22, 1976 

.054 

.648 

1 .646 

Oct. 26, 1976 

.057 

.684 

1.737 

Nov. 18, 1976 

.068 

.816 

2.073 

Dec. 21, 1976 i 

.071 

.852 

2.164 

Feb. 7, 1977 

.078 

.936 

2.377 

Feb. 21, 1977 

.084 

1.008 

2.560 

Mar. 4, 1977 

.082 

.984 

2.499 

Mar, 14, 1977 

.084 

1.008 

2.560 

Mar. 25, 1977 

.105 

• 1.260 

3.200 

Apr. 11, 1977 

.082 

.984 

2.499 

May 23, 1977 

.112 

1 .344 

3,414 

June 9, 1977 

.108 

1 .296 

3.292 

July 12, 1977 

.114 

1.368 

3.475 

Aug. 11, 1977 

.124 

1.488 

3.780 

Sep. 15, 197? 

.123 

1.476 

3.748 

Oct, 21, 1977 

.122 

1 ,464 

3.719 

Nov. 11 , 1977 ' : 

.121 

1 .452 

3.688 

Dec. 20, 1977 

.112 

1 .344 

3.414 

Jan. 5, 1978 

.121 

1 .452 

3.688 

Feb. 13, 1978 


1 .560 

3.962 

Mar. 10. 1978 


1 .500 

3.962 

Apr. 3. 1978 


1 .548 

3.932 

May 15, 1978 

.127 

1 .524 

3.871 







, 1976 1977 
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o North Side Boring 
o East Side Boring 
A South Side Boring 
m West Side Boring 

* Refers to Depths Below Perimeter Grade Beam 

Fig. 25 Soil Moisture Content - Capillary Barrier 
1642 Cedar Keys Drive, Lewisville, Texas 








The variation of the subsoil temperature with time and for differen 
depths is given In Figure 26 , These curves show the characteristic sii 
wave with changes in climatic temperatures and without significant lag t' 
At depths of Interest, the amplitude of the curve decreases with depth 0 ‘ 
soil cover. Temperature means and standard deviations are given in Tabl( 


4.2.5 Soil Moisture-Temperature Characteristics - 9909 Bluffcreek , 
Dallas, Texas 


Data acquisition for monitoring subsoil moisture characteristics w1i 
time Is given 1n Figure 27 . Acquisition commenced upon completion of < 
actions associated with the use of a capillary barrier as a subsoil stab' 
zatlon technique. It can be seen that the moisture content to depths of 
Interest were Increased and maintained well above the Plastic Limit of tl 
soil . Figure 27 also Illustrates the dense characteristics of the Tayl( 
formation. The fluctuation of the soil moisture continued over a period 
approximately 8-9 months before stabilizing into a narrow band width. I1 
is noted that the fluctuation of magnitude of soil moisture was In a ran< 
above the Plastic Limit which was desired. 

The average natural moisture content of the soil within the depths 
of Interest was 13.8 percent, with the largest variation of moisture coni 
below the Plastic Limit being 7.7 percent. The average Plastic Limit wll 
the depths of Interest was 19.4 percent with the variation being approxi- 
mately 2 percent. It is emphasized that any free water associated with 
climate or home maintenance Is not inhibited from crossing the capillary 
barrier and being taken Into the foundation soil, 1f the soil moisture 
demand of the clay minerals 1s deficient in satisfying the double layer 
water requirement. The objective for Increasing the subsoil moisture 
content was to be minimum of 2-3 percent above the Plastic Limit of the 
son. Any Increase 1n moisture beyond that minimum was a more positive 
action. 

The variation of the soil temperature with time and for different 
depths is given In figure 28 . Again, these curves show a characteristic 
sine wave with time and without lag time due to climate. The agreement o 
data at all depths Is exceptional and lends credence to the accuracy of 
other field information. Temperature means and standard deviations are 
given in Table 14 , page 59 . 


4.2.6 Comparison of Moisture-Temperature Characteristics 

The variation of subsoil moisture content with time for these two te 
houses utilizing a capillary barrier as a subsoil stabilization technique 
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Fig. 27 Soil Moisture Content - Capillary Barrier 
9909 Bluffcreek, Dallas, Texas 







Soil Temperature {° F) 


* Depth 1 


Depth 2.5 


Depth 4 



Depth 5.5 






n " . ® maximum variation of 7.7 percent below the 

.lent T «’th1n the dels of Merest 

ercent. The Index properties of the soils beneath both hou«;p«; 

’he ^ homogeneous and Isotropic 

lent "^tural sotl 

tree^ a’nd ^ the house at 

creek and loacted on the Taylor formation. 


gnificant interest is the difference in the percentages of 
onite clay minerals 1n the upper five feet of subsoil at the two 
thf'rJ?® house at 1642 Cedar Keys Drive, Lewisville, Texas, and 
the Eagle Ford formation, contains an average of 15 percent of 
onite clay minerals within a five foot depth. The house at 9909 
, Dallas, Texas, and located on the residual soils of the Taylor 
contained an average of approximately 34.6 percent Montmorillonite 
als within a five foot depth from the soil surface. This amounted 
age increase of approximately 19.6 percent Montmorillonite clay 
or the test house located on the Taylor formation. 


quently, the Taylor formation has the potential to exhibit more 
nge than the soils of the Eagle Ford formation. This volume 
Id be related to a change in water content of the soil. Figures 25 
ages 55 and 59, show moisture contents In the foundation soils, 
row band widths around the perimeter, at both test houses have 
with time at all depths of Interest. These data would Indicate 
tion soil encompassed by the capillary barrier to be relatively 


Dmparlson of Figures 26 and 28 , pages 60 and 63 , for subsoil tem- 
jrlatlons do not indicate significant differences. Variation of 
'ature with depth is essentially a function of climate. Within an 
3 time frame, this would not be a significant variable for magnl- 
inge in vertical movement. Both referenced figures give an in- 
r the insulation properties of the soli. Further justification is 
ilues of temperature means and standard deviations with depth for 
louses given 1n Tables 13 and 14 , page . 


■ED RUBBER IMPERVIOUS BARRIERS 

'lous barriers made of recycled rubber were installed around two 
iously damaged by differential movement of the floor slab. The 
ilaced around the house located at 461 Sweetbrtar Drive in Lewisville, 
! second house included in this study is located at 1314 Athens 
lesquite, Texas. This house is founded on the residual soils of 
formation. 

s of floor plans, trenching, rubber barrier. Instrumentation, 


)1sture, and soils investigation have previously been given, in aodUK 
Dntour surveys of each floor slab plan prior and subsequent to taking 
)rrective actions have also been reported, 


.3.1 Vertical Movement - 461 Sweetbriar Drive, Lewisville, Texas 

Data acquisition of vertical movements around the foundation perimel 
js initiated after the rubber barrier was in place and the foundation s( 
)1sture content increased a minimum of 2-3 percent above the Plastic Lin 
iproximately 8,381 gallons of water were added to the subsoil encompassf 
f the rubber barrier. The floor slab at 461 Sweetbriar, Lewisville, Te) 
id a "cupped" configuration. The perimeter edges were higher than the 
iterior of the slab. Water was added at certain points through the rubt 
rrier on the outside of the house and at selected locations through th( 
loor slab on the interior, depending on elevation data. 

Figure 29 shows the vertical movements along each side of the test 
>use varying with time. The performance period Is for approximately 2 
iars, which illustrates climatic effects over four seasonal cycles. It 
i seen that the high point of the perimeter occurs at level pin 3, or tl 
'dpoint on the east side of the test house. The low point on the perimt 
:curs at the Southwest corner and the approximate midpoint of the West 
de, level pins 7 and 8 respectively. Of significance, is the relative 
liformity of movement between leveling pins. Equally significant Is the 
lange In elevation from the high to the low point on the house Is appro> 
itely 1.56 Inches across the long side of the house during January 1978. 
; would appear that climatic changes are being dampened out and the four 
on subsoil Is relatively stable. The variations In vertical movement c 
! attributed to variations in the soil properties within the soil mass € 
impassed by the rubber barrier. Figure 30 Illustrates the differential 
evation along each side of the house varying with time which shows thes 
riations In vertical movements along each side of the test house. The 
iformatlon in tabular form Is also given in Table 15 . 


3.2 Vertical Movement - 1314 Athens Street, Mesquite, Texas 

Data acquisition of vertical movements for this test house located c 
ills of the Taylor formation was Initiated after all actions associated 
ilizing a rubber vertical barrier to Inhibit moisture migration caused 
imatic effects were complete. Approximately 15,610 gallons of water we 
!ded to the foundation subsoil encompassed by the rubber barrier. This 
ist house floor slab had a "domed" shape and water was introduced into t 
bsoil in the same manner as discussed In Section 4.3.1, 

Figure 31 shows the vertical movement along each side of the test ho 
a function of time. Again, the period of data acquisition was for two 
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Vertical Movement of Slab Perimeter 
1314 Athens Street, Mesquite, Texas 







erimeter occurs at the Southwest corner or at level pin 11. The differe 
levation between the West side corners approximates 1.2 inches for Janua: 
978, Vertical movement appeared to peak approximately six months earlie' 
nd all sides of the house appear to be stabilizing. 

It would be expected the high point on the perimeter to be the Northi 
orner and this deviation may be due to the soil properties in this highV 
xpansive formation. Significantly, the change in vertical movements aloi 
ach side are stabilizing and differential elevations between leveling po 
re becoming relatively uniform. F1gure32and Tab! e 1 6 illustrate the reli 
ive stability around the test house perimeter. 


.3.3 Comparison of Vertical Movements 

The maximum vertical movement for the test house at 461 Sweetbriar Di 
Bwisville, Texas, is greater than the maximum vertical movement of the h' 
t 1314 Athens Street, Mesquite, Texas. The magnitude of the differentia 
levations along each side of the house is less for the house on the Eagl' 
Drd formation. Further, variations of differential movement with time a 
3t as extreme for the house on the Eagle Ford formation. The Taylor fon 
ion is considered the more active of the two geologic units and a compar 
F Figures 29 and 30, pages63and 64 with Figures 31 and 32, pages65an< 
jpport this statement. 

Figure 33 and Tables 17 and 18 were generated by considering the high 
id the low point around the perimeter of each test house and the expectei 
irlation of movement with time. Consequently, these are absolute values 
ive an indication of the comparative activity of the foundation soils be- 
iath the two test houses on the two geologic formation. 

As the foundation soils for both test houses are encompassed by a re' 
ively Impermeable vertical barrier, the data given Is an indication of tl 
:t1v1ty of each soil mass in adjusting to a stable configuration. The 
lount of deviation or abrupt changes of significant magnitude from a smoi 
irve was considered an indication of activity within the encompassed sol 
iss. Figure 33 illustrates this concept and shows the soil mass beneath 
)use on the Eagle Ford formation approaching relative stability, while t. 
)il mass beneath the house located on the Taylor formation is still undei 
)ing significant adjustment. 


3.4 Soil Moisture-Temperature Characteristics - 461 Sweetbriar Dri' 
Lewisville, Texas 

Data acquisition for variation In soil moisture content with time, a 
ven in Figure 34 , commenced upon completing all tasks associated with 
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461 Sweetbriar 'Drive, Lewisville, Texas 
Differential Elevation: Lot 




North Side 


Ft. In. Cm. 


,107 1.284 

,030 .360 

.036 1.032 
.088 1.056 
.039 1.068 
.105 1.260 
113 1.356 

.109 1.308 
.119 1.428 
.081 .972 

.091 1.092 

.119 1.428 
.132 1.584 

.140 1.680 
.123 1.476 
.121 1.452 


West Side 



112 1.464 
098 1.176 


3.261 

.914 

2.621 

2.682 

2.713 

3.200 

3,444 

3.322 

3.627 

2.469 

2.774 

3.327 

4.023 

4.267 

3.749 

3.688 

3.749 

3.139 

3.048 

2.560' 

2.926 

3.719 

2.987 

3.353 

3.261 

2.926 


.228 .579 

.240 .610 

.288 .732 

.516 1.311 
.504 1.280 
.408 1.036 
.528 1.341 
.540 1.372 
.516 1.311 
.576 1.463 
.624 1.585 
.576 1.463 
.528 1.341 
.636 1.615 
1.463 
1.554 
.624 1.585 
.624 1.585 
.600 1.524 
.612 K554 
.660 1.675 
.588 1.494 
.492 1.250 
.648 1.646 
,588 1.494 
.648 1.646 
.660 1.676 


,540 1.372 
,420 1.067 
.576 1.463 
.660 1.676 
.720 1.829 
.840 2.134 
.792 2.012 
.804 2.042 
.900 2.286 
.972 2.469 
.888 2.256 
.852 2.164 
.948 2.408 
.924 2.347 
.936 2.377 
.948 2.408 
.960 2.438 
.840 2.134 
.792 2.012 
.936 2.377 
.924 2.347 
.948 2.408 


.264 
1 .044 
.013 .156 

.264 



.020 .240 
.023 .276 
.011 .132 
.011 .132 


[ii 


ni 


.240 
.382 
.240 
.168 
^ .192 
' .108 
.011 .132 

.012 .144 















uiiierentiai tievdtion: Lot 


North Sidft 


East Side 


South Side 



•cl 



.540 
1.236 
.972 
1.344 
1.008 
1.320 
1.368 
1.416 
1.512 
1.560 
1.632 
1.740 
1.740 
1.680 
1.812 
1.848 I 
1.944 
1.800 


1.320 

1.116 

1.176 

1.224 

1.164 

1 . 416 ; 

1.560 i 


1.372 

3.139 

2.469 

3.414 

2.560 

3.353 

3.475 

3.597 

3.840 

3.962 

14.145 

4.420 

4.420 
4.267 
4,602 
4,694 
4.938 
4.572 


Cm. Ft. In, Cm. 


I 


1.632 4.145 


33 .396 

76 .912 

.039 .468 

.077 .924 

.072 .864 

.069 .828 

.071 ^.852 
.078 .936 

,074 .888 

.075 .900 

,089 1.068 
.110 1.320 
.105 1.260 
.093 1.116 
.105 1.260 
.111 1.332 

.119 1 . 428 , 
,114 1.368 
.094 1.128 


2.320 

1.189 

2.347 

2.195 

2.103 

2.164 

2 . 37 ? 

2,256 

2.286 

2.713 

3.353 

3.200 
2.835 

3.200 
3.383 
3.627 
3.475 
2.865 


1.332 3.383 .073 .876 2.225 


3.353 

2.835 

2.987 

3.109 

2.957 

3.597 

3.962 


.072 .864 
.058 .696 
,056 .672 
.052 .624 
,052 .624 
.061 ,732 
.082 .984 


[ 2.195 
[ 1.768 
i 1.707 
1.585 
1.585 
1.859 
2.499 



.516 
.039 1.068 
.088 1.056 
.066 .792 

.077 .924 

.080 .960 

.083 .996 

.089 1.068 
.100 1.200 
.110 1.320 
.117 1.404 
.123 1.476 
.123 1.476 
.122 1.464 
.132 1.584 
.118 1.416 
.101 1.212 
.086 1.032 
.083 .996 

.077 .924 

,064 .768 

.063 .756 

.062 .744 

.058 .696 

.080 .960 


2.530 

2.713 

3.048 

3.353 

3.566 

3.749 

3.749 

3.719 

4.023 

3.597 


Ft. In. 



,079 
,097 1 
,104 1 




liW 


8 2 , 
.104 
.128 
.260 3 , 
.248 











Sweetbriar Drive, Lewisville, Texas - Eagle Ford Formation 









Maximum Perimeter Differential Movement 


Date 



On. 

Mar. 

18, 

1976 

,024 

IBUjSittH 

.732 

Mar. 

25, 

1976 

- 

- 


: Apr. 

2, 

1976 

.032 

.384 

.975 

June 

21, 

1976 

.086 ' 

1.032 

2.621 

July 

9, 

1976 , 

.088 

1.056 

2.682 

Aug. 

9, ■ 

1976 1 

.099 

1.188 

3.018 

Aug. 

23, 

1976 1 

.109 

1.308 

3.322 

Sep. 

7, 

1976 

.116 

' 1.392 

3.536 

Sep. 

29, 

1976 

.109 

i 1.308 

3.322 

Oct. 

21, 

1976 

.119 

' 1,428 

3.627 

Nov. 

16. 

1976 

,112 

1.344 

3.414 

Dec. 

2, 

1976 

,114 

1.368 

3.475 

Jan. 

21, 

1977 

.124 

1.488 

3.780 

Feb, 

18, 

1977 

.143 

1.716 

1 4.359 

Feb. 

28, 

1977 

.144 

1.728 

I 4.389 

1 

Mar. 

14, 

1977 

1 .131 

1.572 

1 3.993 

Apr, 

4, 

1977 

' .133 

1.596 

■ 4.054 

Apr. 

19. 

1977 

, .143 

1.716 

4.359 

May > 

M, ■ 

1977 

.127 

1,524 

3.871 

June 

10, 

1977 

.129 

1.548 

3.932 

July 

8. 

1977 

.130 

1.560 

3.962 

Aug. 

5, 

1977 

.129 

1,548 

3,932 

Sep. 

7, 

1977 

.143 

1.716 

4.359 

Oct . 

10, 

1977 

.136 

1.632 

4.145 

Nov . 

2, 

1977 

.136 

1.632 

4.145 

Dec . 

1 , 

1977 

.140 

1.680 

4.267 

Jan. 

4, 

1978 

.137 

1.644 

4.176 



nuvt:iiien c 


Date 

Feet 

Inches 

Cm. 

Mar. 

31, 

1976 

.058 

.696 

1.768 

June 

2, 

1976 

.117 

1 .404 

3.566 

July 

5, 

1976 

.094 

1 .128 

2.865 

Aug. 

13. 

1976 

.116 

1 .392 

3.536 

Aug. 

26. 

1976 

.114 

1 .368 

3.475 

Sep. 

14. 

1976 

.110 

1 .320 

3.353 

Sep. 

30, 

1976 

.114 

1.368 

3.475 

Oct. 

22. 

1976 

.119 

1 .428 

3.627 

Oct. 

26. 

1976 

.126 

1 .512 

3.840 

Nov. 

la, 

1976 

.130 

1 .560 

3.962 

Dec. 

21. 

1976 

.136 

1 .632 

4.145 

Feb, 

A 

1977 

.171 

2.052 

5.212 

Feb. 

21, 

1977 

.167 

2.004 

5.090 

Mar, 

4, 

1977 

.169 

2.028 

5.151 

Mar. 

14, 

1977 

.169 

2.028 

5.151 

Mar. 

25. 

1977 

.180 

2.160 

5.486 

Apr, 

11, 

1977 

.172 

2.064 

5.243 

May 

23, 

1977 

.187 

2.244 

5.700 

June 

9. 

1977 

.169 

2.028 

5.151 

July 

12. 

1977 

.140 

1 .680 

4.267 

Aug. 

11, 

1977 

.111 

1 .332 

3.333 

Sep. 

15. 

1977 

.110 

1.320 

3.353 

Oct. 

21. 

1977 

t 

.096 

1 .152 

2.926 

Nov . 

n. 

1977 

,098 

1 .176 

2.987 

Dec . 

20, 

1977 


1 .224 

3.109 

Jan. 

5, 

1978 


1 .164 

2.957 

Feb. 

13. 

1978 

.118 

1 ,416 

3.. 597 

• Mar. 

10. 

1978 


1 .560 

3.962 

Apr, 

3. 

1978 

.132 1 

1 .580 

4.023 


m A 




ie orthe"L^greVo?rfo™at1oJ®waVlV28 Jercfn^’tS Tfl^rfoo^^^lpth 
luni deviation of natural moisture below the Plastic Limit was 13 7^ 
ibove the P astic Limit, approximately 8,381 9^ ions o? warer ie^I 

■ at aYl dliihs if ’fnter'est!'®”' '0“=® 


I abrupt variation was noted In data values for moisture contents. 

Vd upper soil depths. It was anticipated this would occur 

rst few months after water was added to the subsoil while diffusion 
re was taking place. Abrupt changes beyond that point In time were 
d errors by research personnel 1n reading instrument values. Slgni- 
uctuatlon 1n the moisture cell on the West side of the house began 
ly//, and decreased down to a value of 15 percent. This instrument 
evaluated, but It would appear that failure has occurred. In most 
* occurring In soil moisture as given in Figure 34 are 

e the desired minimum of approximately 25 percent. 


variation of soil temperature at all depths of Interest, varying with 
given in Figure 35, These curves show the desired characteristic 
shape, with amplitude decreasing with soil depth. The values of 
re data did not Indicate any influence of the climatic cycle, and 
the performance of soil as an Insulating medium. The values of 
means and deviations are given In Table 19. 


Soil Moisture-Temperature Characteristics - 1314 Athens Street, 
Mesquite. Texas 

acquisition for variation In soil moisture content with time, as 
Figure 36 , commenced upon completing all tasks associated with 
the rubber moisture barrier as a subsoil stabilization technique, 
e variation with time Is noted 1n the upper depths of interest, the 
:urs well above the average Plastic Limit of the soil which was 
sd to be 22.4 percent in the upper five feet of soil. 

werage natural moisture content of the foundation subsoil at this 
5 on the Taylor formation was 20.68 percent to a five feet depth. 
m deviation of natural moisture below the PlastIc LImIt was 8.5 
To raise the moisture content of the subsoils a minimum of 2-3 
30ve the average Plastic Limit, approximately 15,610 gallons of 
j added. This Increase In water volume was 1.86 times the amount of 
id to the test house soils, using the same subsoil stabilization 
, on the Eagle Ford formation. This Increased volume of water was 
:o brina the moisture content of the subsoil In the upper five feet 
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Depth refers to feet below grade beam. 







o North Side Goring 

• Last Side Goring 
A South Side Goring 

* West Side Goring 

Refers to depths Below Perimeter Grade Beam . 
rig. 36 Soil Moisture Content - Rubber Barrier 
1314'Athens Street, Mesquite, Texas 










Soil Temperature F) 


*Depth 1 





lavis^iMaiHhviBBHapaBaaBi 


Depth 2 ,^ 



iBianp^aaaaii'aaiaaacaaBBa 

’jfBBBBBBnBHBBBBBBBB 

IBBBBBBBBB ■BBBBBBBBB 
IBBBBBBBBBB S'^BBBBBBBB 
[IIBIIBBBBBBBBBBBBBBBBB 




Depth 4 


__ lumniiuiUL 

!!!i!!ii!^B!BBiBBBBBBaii 

-nBiBBBBBssjaasa, 

niBBBBrrBBBBi 



!SS!!B*"9**>3S«BBir»BBBBBB 

{aaiEBmag^aaKsg 



Depth 5.5 


^sssgaagaaaaasg 

Sa^tiiBBnBBHUBaBBi 




BSi^SBBBBBB! 





i u i2*. j x.Z cAucn^xvc teti:aiun uratKs ana rractures. 

is suDmItted that an undetermined volume of the added water was lost to 
significant depths in the subsoil and also to soil outside the rubber bar 
by the ready avenues of escape provided by fractures and cracks in the fc 
tton subsoil. As the soil expanded and gradually restricted these flow j 
the increase in soil moisture was obtained in the soil mass surrounded bj 
the rubber barrier. 

The variation of the soil temperature with time and for different 
depths is given in Figure 37 . These curves show the characteristic sint 
wave shape and amplitude change with depth, and for this test house, mort 
variation in temperature was noted at the lower depths in the subsoil. 1 
can be explained by referring to Table 20 , page 76, which gives the tempt 
ture means and standard deviations for the test house on the Taylor forme 
It can be noted that no data Is given for depths 4 and 5.5 for the soil 
boring on the West side of the test house. The thermistor portion of th* 
moisture-temperature cell installed at these two depths became 1noperati\ 
short time subsequent to installation. Consequently, the curves plotted 
Figure 37 indicate average temperatures for the North and South sides of 1 
house, but only the East side temperature readings are plotted for depths 
and 5.5. In this area, the East side would be protected from climatic ve 
ttons much more so than the West side and consequently cooler. 


4.3.6 Comparison of Soil Moisture-Temperature Characteristics 


The test house at 461 Sweetbriar Drive, Lewisville, Texas, was situal 
on the residual expansive clays of the Eagle Ford formation. From the st 
investigation for this test house. It was established that the insitu nal 
subsoil properties prior to installation of the stabilization technique i 
eluded an average Plastic Limit of 22.4 percent within the upper five fet 
Further, the average natural moisture content of the subsoil to the same 
depth was 18.28 percent. The maximum deviation of the subsoil moisture < 
tent below the Plastic Limit was approximately 13.7 percent. 

The test house at 1314 Athens Street. Mesquite, Texas was located oi 
the residual soils of the Taylor formation, which is also quite expansiv< 
From the soils investigation for this test house, the Insitu average nati 
moisture content was 20.68 percent within the upper five feet. The maxir 
deviation below the Plastic Limit was approximately 8.5 percent. These • 
properties were determined prior to initiating any actions associated w1i 
subsoil stabilization. 


The average Plastic Limit of the subsoils beneath the two houses an 
similar, 22.4 percent and 22 percent respectively. The natural insitu 
ture content of the subsoil for the house on the Eagle Ford formation an 
for the house on the Taylor formation vary by approximately 2.4 per^nt, 
not a significant variation for differences in magnitude of 


ese two test loactions, a reversal ot inaex properties was notea. me 
tural moisture content of the Taylor formation was higher and there was 
gnificantly less deviation in the moisture content below the Plastic Lim 
an for the house on the Eagle Ford formation 8.5 percent as compared to 
.7 percent, respectively. 

For these two test locations 1t was found that a reversal occurred In 
e percentage of the highly expansive clay minerals of the Montmorillonlt 
oup In the upper five feet. For the test house on the Eagle Ford format 
average of 36 percent of Hontmorlllonite was evidenced within the depth 
interest, while for the test house on the Taylor formation, the average 
s 24.4 percent, or a difference of approximately 11.6 percent. As both 
rmatlons are sedimentary deposits associated with the same general geolo 
me, this was not considered unusual. 

The large percentage of Hontmorlllonite clay minerals within the uppe 
ve feet of soil for the test house located on the Eagle Ford formation 
uld result In the significant Increase In moisture content within the so 
ss encompassed by the relatively impermeable rubber barrier. Even thoug 
ss water volume was introduced Into the subsoil, the signficant increase 
rcentage of Hontmorlllonite clay minerals with their high specific surfa' 
ea and affinity for free water would justify the increased moisture cont 
e lower natural water content of the soil, and the high deviation of the 
situ moisture content below the Plastic Limit of the soil would be contr 
ting factors. Consequently, adjustnlent of the soil moisture contents w1 
me and the aforementioned expansive characteristics would result in in- 
eased vertical movement. 

For the test house at 1314 Athens Street, Mesquite, Texas, the varlat 
soil moisture with time as given 1n Ftgure36 , pageSO , Is relatively 
iform at all depths of interest. It Is reiterated that a much larger vo 
water was Introduced into the subsoil surrounded by the relatively impe 
able rubber barrier. The soils of this formation are dense and fracture' 
d It was believed a significant quantity of water was able to migrate to 
eat dephts and outside of the barrier perimeter. Consequently, a much 
eater mass of soil, also containing a significant percentage of Montmori 
ay, was able to experience its swell potential . 

A comparison of the variations In soil temperature with time from dat. 
ven in Figures 35 and 37 , and Tables 19 and 20 , pages 75 , 78 , 76 a 
i , are relatively similar. It may be concluded that both referenced figi 
uld exhibit like variations with depth and time, if the thermistors in t 
wer soil depths on the West side of the house at 1314 Athens Street, Mes 
xas, had not malfunctioned. Soils on the West side of a house in this a 
e subjected to more Intense variation with time and as a consequence, th 
■nperature variations given In Figure 37 , page 78 , for depths 4 and 5.5 
fleet North and South side temperature averages for one curve, but only 
st side temoerature data for the second curve at each deoth. for this te 


'loor plans, trenching, concrete barrier, instrumentation, 
permanent bench mark, costs, increasing foundation soil 
Is Investigation have previously been given. In addition, 
if each floor slab plan prior and subsequent to corrective 
I been reported. ^ ,2) 


a1 Movement - 1137 Eastwood Drive, Lewisville, Texas 

tion of vertical movements around the foundation perimeter 
,er the concrete barrier was in place and the foundation soil 
increased a minimum of 2-3 percent above the Plastic Limit. 
27 gallons of water were added to the subsoil encompassed by 
ier. The floor slab at 1137 Eastwood Drive, Lewisville, 
led" configuration. The perimeter edges were higher than 
-he slab. Water was added to the subsoil from the Interior 
elected locations through the floor slab depending on eleva- 


hows the vertical movements along each side of the test house 
(. The performance period is for approximately two years, or 
matic cycles. It was seen that the high point of the perl- 
evel pin 11 or the Southwest corner of the test house. The 
perimeter occurs at level pin 14 or along the East side of 
1 data are given for January 1 978. The uniformity of movement 
ter, as indicated by distances between the data points given 
’or eash side of the test house Is significant. The maximum 
on between the high and low points around the perimeter, for 
approximately 1.74 inches, and the maximum change in elevation 
points is 0.84 Inches. The anticipated low point on the 
occur at the Southwest corner, and the high point at the North- 
I variation in soil properties in the subsoil mass encompassed 
larrier could account for this anomaly. The purpose of the 
barriers was to mitigate or inhibit subsoil volume changes 
climatic effects. 

nd Table 21 show absolute differential movements with time 
if the test house. The similarity of the differential eleva- 
he South and West sides and the similarity of the curves for 
t sides is interesting. 


4.4.2 


Vertical Hovernent - 4204 Ciiliner> Balch Springs^) Texas^ 


Data acquisition of vertical movements for this test house located o 
residual soils of the Taylor formation was Initiated after all actions 
associated with utilizing a concrete barrier to inhibit moisture migratic 
due to climatic effects were complete. Approximately 13,410 gallons of v 
were added to the foundation subsoil surrounded by the concrete barrier. 
This test house floor slab had a "domed” shape and water was introduced i 
the subsoil by drilling access holes with a masonry drill through the bar 
to insert an injection lance. All holes around the perimeter were tempor 
sealed after each injection, and permanently sealed after the desired moi 
content within the subsoil was established. 

Figure 40 shows the vertical movement variation associated with tin 
each side of the test house. As before, the performance period approxima 
2 years, which illustrates the effects of climate over approximately four 
seasonal cycles. The high point on the perimeter of this test house alsc 
occurred at the Southwest corner or level pin 7 and the low point was at 
level pin 4 on the East side of the house. These data are for January 1? 
The uniformity of vertical movement around the perimeter is considered ex 
ceptional for this expansive clay soil. The vertical movements can be cl 
studied from the data points given in Figure 40 for each side of this U 
house. The maximum change in vertical elevation between leveling pins oi 
0.36 Inches for the month of January 1978. The maximum change in vertica 
movement between the high and low points around the perimeter of the test 
house, for the same time period, is approximatly 0.78 Inch. The small 
differential movements associated with the lean concrete barrier surround 
the subsoil mass are attributed to variations of the soil properties witi 
the effected volume. 

Figure 41 and Table 22 show absolute differential movements with ti 
along each side of the test house. Figure 41 illustrates the increasing 
stability of the foundation subsoil with time, and also the lack of infU 
associated with climatic conditions. 


4.4.3 Comparison of Vertical Movements 

The maximum vertical movement for the test house at 1137 Eastwood Dr 
Lewisville, Texas, 1s more than double the vertical movements of the tes1 
house at 4204 Culmer, Balch Springs, Texas. These data are for January 1 
The same statement is made for absolute differential movements. A compar 
of the data given in Figures 38, 39 , 40 , and 41, pages 83 , 84,8 
and 87 justify these statements. 

Figure 42 and Tables 23 and 24 were developed by taking the high ar 
low points around the perimeter of each test house and varying these date 
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.240 
»26 .312 

122 .264 

'30 .360 

28 .336 

33 .396 

27 .324 

24 .288 

28 .336 

30 .360 

32 .384 

19 .228 

33 .396 

38 .456 

12 . 504 

13 .516 

51 .612 

55 .660 

55 .700 

53 .636 

i 3 .516 
26 .312 : 

13 . 516 ] 


[ 1.006 


1.006 
1.158 
1,280 
1.311 
1.554 
1.676 
1.981 
1.615 
1.311 
' .792 


•jyo I.0U6 
.288 .732 

.312 .792 
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.336 .853 

.552 1.402 
.372 .945 

.396 1.006 
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.432 1.097 
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Table 22 

4204 Culmer, Caleb Springs, Texas 
Differential Elevation: Lot 



North Side 

Fast Side 

South Side 

We; 

t Side 

m 

Ft. 

In. 

Cm. 

Ft. 

In. 

Cm. 

Ft. 

In. 

Cm. 

Ft. 

In. 

i-02-76 

.006 

.072 

.183 

.026 

.312 

.792 

.038 

.456 


.023 

,276 

-02-76 

.002 

.024 

.061 

.034 

.400 

1.036 


.840 

2.134 

.025 

.300 

i-13-76 

.009 

.108 

.274 

.027 

.324 

.823 

.049 

. .588 

1.494 

.027 

,324 

i-26-76 

.018 

.216 

.549 

.029 

.340 

.884 

.043 

.516 

1.311 

.037 

.446 

3-14-76 

.013 

.156 

.396 

.229 

.348 

.884 

.054 

.648 

1.646 

.028 

.336 

3-30-76 

.012 

.144 

.366 

.036 

.312 

.792 

.045 

.540 

1.372 

.041 

.492 

3-22-76 


.084 

.213 

.035 

.420 

1.067 

.046 

.552 

1.402 

.025 

.300 

3-26-76 

.009 

.108 

.274 

.035 

.420 

1.067 

.052 

.624 

1.585 

.027 

.324 

-18-76 

.012 

.144 

.366 

.035 

.420 

1.067 

.052 

.624 

1.585 

.037 

.444 

i-21-76 

.010 

.120 

.305 

.040 

.480 

1.219 

.062 

.744 

1.890 

.031 

.372 

>-22-77 

.014 

.168 

.427 

.040 

.588 

1.494 

.056 

.672 

1.707 

.034 

.408 

3-04-77 


.240 

.610 

.041 

.492 

1.250 

.051 

.612 

1.554 

.033 

.396 

3-14-77 

.017 

.204 

.518 

.047 

.564 

1.433 

mm 

.768 

1.951 

.043 

.516 

3-25-77 


.240 

.610 

.055 

.660 

1.676 


.780 

1.981 

.040 

.480 

1-11-77 

.018 

.216 

.549 


.528 

1.341 

.061 

.732 

1.859 

.039 

.468 

>-23-77 

.024 

,288 

.732 

.049 

.588 

1.494 

.052 

.624 

1.585 

.036 

,432 

5-14-77 

.023 

.276 

.701 

.051 

.612 

1.554 

.061 

.732 

1.859 

.040 

.480 

f-12-77 

.029 

.348 

.884 

.054 

.648 

1.646 

.052 

.624 

1.585 

.037 

.444 

3-11-77 

.019 

,228 

.579 


.528 

1.341 

.057 

.684 

1.737 

.041 

.492 

3-15-77 

.013 

,156 

.396 

.028 

.336 

.853 

.052 

.624 

1.585 

.034 

.408 

3-21-77 

.023 

.276 

.701 

.034' 

.408 

1.036 

.056 

.672 

1.707 

.032 

.384 

-11-77 

.029 

,348 

.884 

.033 

.396 

1.006 

.055 

.660 

1.676 

.033 

.396 



.276 

.701 

.038 

.456 

1.158 

.051 

.612 

1.554 

.035 

.420 


.026 

.312 

.792 

.032 

.384 

.975 

.059 

.708 

1.798 

.034 

.408 

2-13-71 

.017 

,204 

.518 

.044 

.528 

1.341 

.059 

.708 

1 .798 

.038 

.456 

3-10-7f 

.020 

.240 

.610 

.041 

.492 

1.250 

.059 

.708 

1.798 

.038 

.456 
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Maximum Perimeter Differential Movement 



May 25, 1976 
June 21 , 1976 
July 9, 1976 
Aug. 9, 1976 
Aug. 23, 1976 
Sep. 9, 1976 
Sep. 29, 1976 
Oct. 21, 1976 
Nov. 16, 1976 
Dec. 9, 1976 
Jan. 27, 1977 
Feb. 18, 1977 
Feb. 28, 1977 
Mar, 14, 1977 
Apr. 19, 1977 
May 24, 1977 
June 10, 1977 
July 8, 1977 
Aug. 5, 1977 
Sep. 7, 1977 
Oct. 10. 1977 
Nov. 2. 1977 
Dec. 1, 1977 
Jan. 4, 1978 
Feb. 6, 1978 
Mar. 8, 1978 


Apr. 3, 1978 





1 .032 



1 .176 
1 .284 
1.368 
1.380 
1,452 


M.. .. 1 c 1 aid 



1 .428 


1 .344 


1 .740 


1 .691 


1 ,7881 


1 .764 


1 .584 


1 .764 













In both instances, tne SUDSOII mciba wa:> Bin-Iw:>eu ay a iciai.ivci^ IIM- 
''ineable concrete barrier, inhibiting climatic effects. The data given 
iicates activity within the soil mass In adjusting to stability. Sig- 
ficant deviation or abrupt changes from a smooth curve was considered an 
lication of expansive clay activity. Further, as data points appeared to 
approaching or becoming asymptotic to a horizontal plane would indicate 
2 subsoil mass beneath each test house was reaching relative stability. 

Figure 42 Illustrates this concept and shows the soil mass beneath the 
5 t house on the Taylor formation surrounded by a vertical concrete barrie 
be approaching relative stability. The test house founded on the Eagle 
'd formation is still undergoing significant swelling as indicated by the 
)pe of the data points. 


i.4 Soil Moisture-Temperature Characteristics - 1137 Eastwood Drive, 
Lewisville, Texas 

Data acquisition for variation in soil moisture content with time, as 
'en in Figure 43, commenced upon completing all tasks associated with 
ilizing the lean concrete barrier as a subsoil stabilization technique, 
jnificant variation was noted in moisture contents as a function of time 
all depths of interest, 

The average Plastic Limit in the upper five feet of the soil at this 
it house was 24.75 percent. As indicated by Figure 43, the minimum re- 
Irement for the soil moisture to be a minimum of 2-3 percent above the 
istic Limit was not achieved for certain depths and different sides of 
i house. While some reading error is apparent in certain Instances, the 
isture content as taken from the moisture-temperature cells was not incre 
the desired level . 

As given in Section 4.4.1 , 9,827 gallons of water were added to the su 
ils beneath the floor slab and surrounded by the concrete barrier. Furtfi 
i entire volume of water was added to the soil from the interior of the 
ise. The floor slab had a "cupped” configuration, and borings were made 
'ough the slab on the interior of the house governed by the high and low 
nts determined by topographical survey. Further, testing of the soils i 
i upper five feet to determine whether or not the moisture content was 
ised to the minimum desired was also accomplished at the access points 
)m the interior of the house. The moisture- temperature cells are install 
borings approximately 12-18 inches from the house perimeter which may 
;ult in the moisture gradient decreasing and recording less than the opti 
the instruments. If the preceding was the case, it is then possible tha 
i installed instruments and the Insitu soil do not have completely Intima 
itact resulting in readings that are less than desirable. The mass of sc 
:losed by the vertical concrete barrier could have different moisture cor 
its throughout and particularly have higher moisture contents at the 1n- 
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Fig. 43 Soil Moisture Content - Lean Concrete Barrier 
1137 Eastwood Drive, Lewisville, Texas 
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vdT idtiuM U7 suDj,oii temperature with time and for different depths 
in Figure 44 . These curves exhibit the characteristic sine wave 
hout any significant lag time from climatic conditions. Figure 44 
strates the insulating properties of the soil by the decrease in 
litude with depth. The temperature means and standard deviations 
test house are given in Table 25. 


Soil Moisture-Temperature Characteristics - 4204 Culmer, Balch 
Springs, Texas 

ation of subsoil moisture characteristics with time for this test 
the Taylor formation is given in Figure 45 . Data acquisition com- 
on completing all actions associated with the use of a vertical 
barrier as a stabilization technique to inhibit moisture migration, 
test house the moisture content was increased to a minimum of 2-3 
bove the average Plastic Limit of the soil, which was approximately 
ent within the upper five feet. It is apparent that some adjust- 
was required to raise the soil moisture content from its insitu 
f 17.3 percent. The maximum variation of the natural water content 
il below the Plastic Limit was 8.2 percent. 

amount of water added to the foundation soil was 13,410 gallons or 
s the water added to the test house utilizing the same subsoil 
t1on technique and located on the Eagle Ford formation. The charac- 
dense condition of the subsoils of the Taylor formation and associated 
racks and fractures caused water to be lost to significant depths 
th the concrete barrier. As these migration paths were gradually 
expansion of the soil, the desired moisture content of the soil 
ved. After Initial adjustment, the curves of Figure 45 exhibit 
ed narrow band width and remain relatively constant with time. This 
icate climatic effects are not exhibiting significant influence on 
11 moisture. 

variation of soil temperature with time and depth is given in Figure 
lese curves show the characteristic shape without lag time. However, 

;6, page 96', temperature means and standard deviations indl- 
noperative thermistor at the 5.5 foot depth on the West side of the 
:onsequently, the North and Solith side temperatures are averaged, 

I second curve indicates soil temperatures of the East side only for 
dot depth of interest. 


1137 Eastwood Drive, Lewisville, TX 4204 Culmer. Balch Springs, 
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* Refers to Depths Below Perimeter Grade Beam 
Fig. 45 Soil Moisture Content - Lean Concrete 
4204 Culmer, Balch Springs, Texas 
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\inong these were the insitu moisture content averaging 13.2 percent five 
ind a deviation of 8.2 percent maximum below the average Plastic Limit of 
M.75 percent. 

The test house at 4204 Culmer, Balch Springs, Texas, was founded on 
'esidual expansive clay soils of the Taylor* formation. The soils Invest! 
:1on established the natural properties of the subsoil beneath the test 
lOuse. These Included the insitu moisture content averaging 17.3 percent 
i five foot depth and having a maximum deviation of 8.2 percent below the 
iverage Plastic Limit of 20.2 percent. All soils investigations were ac- 
:omplished prior to initiating stabilizing actions. 

For these two test houses, the average index properties discussed ar 
'elatively close. The average Insitu moisture contents being 13.2 and 17 
)ercent respectively and both deviate a maximum of 8.2 percent below the 
'espective average Plastic Limits of 24.75 percent and 20,2 percent. The 
iverage properties are to a depth of approximately five feet or the depth 
)f the concrete moisture barrier. 

For these two test locations, the amount of Montmorillonlte clay 
linerals within the upper five feet of soil for the house located on the 
‘agl e Ford formation Is approximately 12.85 percent, The amount of Mont- 
lorlllonite clay for the five feet of soil beneath the test house on the 
aylor formation 1s approximately 39.8 percent. This amounts to a differ 
if 26.95 percent. This significant percentage of these highly expansive 
linerals, along with the method of introducing water Into the foundation 
lolls may explain the variation in moisture contents at the moisture-temp 
:ure cell locations at the two sites. 

It would appear that when water Is Introduced around the house peri- 
leter higher moisture contents are reflected on the installed instrumenta 
Inderstandably, the moisture migration paths are much less and cracks and 
ractures provide the primary avenues of travel until swelling precludes 
■urther movement. Further moisture migration would then be a function of 
lermeability of the soil If free water still remains available. The amou 
if free water would be that which could be pulled through the soil caplll 
ly forces stronger than the forces of the clay minerals in developing the 
'ouble layer. 

For the test house at 1137 Eastwood Drive, Lewisville, Texas, the ac 
ondition of the subsoil beneath the slab interior was largely indetermin- 
lowever, knowing the slab Interior was lower than the perimeter Indicated 
lore desiccated condition. Even though, laboratory testing showed the su 
oil moisture within the house Interior was raised by the addition of wat 
0 the desired value, there was nothing to preclude moisture migrating do' 
lard as well as laterally. This could reduce the moisture content of the 
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n beneath the house as a much larger volume of soil would be Included, 
nally, movement of water laterally to the instrumentation points could 
ve been restricted to a degree by the natural soil forces, and equilibri 
tablished with different moisture contents. As the house perimeter was 
gher than the interior, it follows the moisture content was also higher, 
nsequently. the soil moisture demand would be less at the perimeter, am 
e forces inherent in satisfying this demand, for moisture migration fror 
drier environment to a more moist regime would also be less. 

A comparison of soil temperature variation with time from data given 
Figures 44 and 46 » and Tables 25 and 26, pages 94 , 99 , and 95 

e relatively similar. Any significant variation is considered due to 
ss of instrumentation. Figures 44 and 46 both show the same basic chara 
tics without significant lag time. This would infer that temperature 
fects within the soil vary too rapidly to greatly effect moisture center 
en enclosed by a harrier. Temperature data do indicate the effectivene: 
soil as an insulating medium. 


5 EVALUATION OF VERTICAL MOISTURE MIGRATION BARRIERS 

The primary purpose of the three different types of vertical mo1stur( 
gration barriers was to Inhibit or minimize vertical movement of the foi 
on subsoil. The mechanism of accomplishment was to cut the soil capllla 
thin the mass at the interface of soil and vertical barriers. This woul 
nimize moisture loss and subsequent volume fluctuations caused by cllmal 
fluence. This condition would be effected in approximately five feet oi 
bsoil below the floor slab, causing the house structure, floor slab, anc 
bsoil to behave as a layered system. This soil -structure interaction wc 
splace the plane of reference for vertical movements or volume change sc 
je feet beneath the bottom of the floor slab. Any vertical movement wot 
en be inhibited by the unit loading of the structure on the soil surface 
js the significant weight of five feefof soil over a unit area. 

In evaluating the relative effectiveness of the three types of vertic 
isture migration barriers on two different geologic formations, a reviev 
I figures associated with vertical movements and differential elevations 
Dng each side of the individual test houses reveals certain conditions 
1 st. 

The magnitude of vertical movements was not unexpected due to the dan 
idition of the test houses and the volume of water required for increasi 
3 Soil moisture to the desired level. Maximum differential elevation cha 
jld also be initially large for same reasons. Both the Eagle Ford and 
/lor formations were sedimentary in nature and consequently had a wide r 
soil particle types. Their plastic behavior, however, would classify t 
;idual soils, on both formations, as Inorganic clays of high plasticity 


he deposition process. If these clay minerals occur In pockets, 
re available at one point and not another, within the subsoils 
St house, differential movements would be increased. 

enerally accepted the Taylor formation would be the more active 
ologic units due to the high percentage of Montmorillonite 
within the upper five feet of soil and to significant depths, 
ng installation of the vertical barriers it was observed that 
erials contained varying amounts of fine sand and silt which 
the clay behavior to a significant degree. After water was 
1 and differential movements would initially Increase, however, 
r would disperse more rapidly with time resulting in decreased 
soil moisture became more uniform. Consequently, it may be 
ted that the vertical barriers on the Taylor formation resulted 
formance than those on the Eagle Ford formation. 

e Figures 20 , 22 . 29 . 31 . 38 . and 40, pages 44, 48 , 
and 86. Relative uniformity of magnitude of vertical movement 
s of reference around the house perimeter was observed. This 
ficant Variable as abrupt changes in short spans result In 
t1os that are untenable for concrete slabs and brick veneer 


e Figures 20 , 23 . 30 , 32 , 39 . and 41 , pages 4^ 49 , 64 , 
nd 87 . A comparison of these curves with time generally Indl- 
ncy towards stability or becoming asymptotic to a horizontal 
is especially true for contigous sides of the house. 

e Figures 24 , 33 , and 42 , pages 52 , 70 , and 89. These 
trate performances of the same stabilizing technique in the two 
ations. Again, these are absolute values, but indicate the 
vity of the subsoils beneath the test houses on the two formations, 

mance summary combining six test houses, three stabilizing 
nd two formations Is given In Table 27 . In all instances, the 
iers on the Taylor formation Indicate better performance in 
mum perimeter differential movement. It was also concluded that 
ts were viable procedures for stabilizing foundation subsoils, 
y be determined from economic consideration. 

ated in Section 4.1, a trenching or excavating machine is now 
(mercially which can dig the narrow vertical barrier trench 
idjacent to the perimeter of a house. Further, as the excavating 
I be offset to either side of the machine, changes in direction 
figurations would not be the problem they were in this study, 
isult In cost savings in excavation, labor and materials for the 
leal foot associated with this research. 


In using a capillary barrier, a homeowner may further reduce costs b, 
srsonally performing part of the work. Tills would require having the tr. 
ng accomplished by others, ordering the computer quantity of barrier mat 
nd then placing the material and removing spoil, from the excavation proi 
ith his own resources. Naturally, this would involve considerable labor 
jt is entirely feasible if cost is a paramount consideration. 

In using a rubber barrier, certain costs could be reduced as mentiom 
reviously. However, these could be offset by other factors. Rubber 
iterials utilized In this study were waste products from tire recapping 
aerations. Costs were minimal for delivering these materials to specifii 
)cations over what the cost was to haul to a disposal site. If this teci 
ique was adopted to a significant extent, recapping plants would not be i 
iequate source of supply. It Is envisioned that a chopping plant for wa; 
ire carcasses would be established if sufficient demand or market existe( 
1 local or regional areas. The output of the plant must provide adequat) 
ize distribution of particles to insure minimum void volume. The mixturi 
imposition used In this study was not considered the only one which coul( 
5 developed, and further study may show it entirely possible to develop ; 
ix which would not require expensive, enulsified asphalt and still achle' 
slative impermeability. 

In using a lean concrete barrier costs would again be reduced from 
lose Indicated in Table 27 , page . As relative impermeability, 
ither than strength, was the essential criterion, cement quantity servici 
'imarlly as a binder to insure sufficient fines within the mix. Extendei 
jch as flyash, which is becoming available in greater quantities as more 
Ignite generating stations are being placed in operation, could be utili; 
i part as fines to offset the increased cost of Portland cement. The in- 
:allation of a concrete barrier could be accomplished in less time than 1 
;her two types. By utilizing a high slump concrete (8 inch) the mixture 
)uld flow from a delivery truck with extended chute completely around th< 
xavation for a vertical barrier. Hand placement is only required where 
le barrier Is not continuous, such as driveways, patios and sidewalk slal 


VERTICAL MOISTURE BARRIER 
PERFORMANCE SUMMARY 
(January 1978) 
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SUBSURFACE IRRIGATION SYSTEMS 


).l GENERAL 


Subsurface irrigation systems were installed under two (2) houses ii 
)rder to study their suitability as a remedial measure for minimizing dii 
■erential soil movement. One house is located on soils of each geologic 
•ormation under study. These systems have been utilized to continuously 
)rovide moisture to subgrades and vegetation for the purpose of stabiliz' 
;o11 water contents. Once subgrade moisture contents were brought to th( 
iptimum, the available moisture should minimize further movement of the 
itructure. 

The subsurface irrigation system consisted of a continuous length ol 
)orous rubber pipe placed 6 to 8 inches below and 1n line with the outsit 
idge of all perimeter foundation grade beams. The pipe was manufactured 
■arious rates of permeability. Piping materials consisted of recycled 
•ubber tires and recycled plastic. The pipe loop was fed from a pressuri 
‘egulator placed at the water main to each house and adjusted to supply 
ipproKlmately one gallon per minute to the subgrade under a pressure aboi 
ix (6) pounds per square Inch. 

As the installation of each system was complete, flow was started 
'ia the porous pipe into the relatively dry subgrades. The flow rates, i 
jxpected, were high at first and as the subsoil satisfied Its moisture 
lemand, the flow was reduced. Initially, water content of the soil adja( 
:o the pipe was brought up to optimum. Then, migration of moisture to di 
)Ubgrade areas occurred creating a demand for additional flow. This cau; 
^ater to leak from the porous pipe. The process of gradual wetting of 
;ubgrade areas was dependent on soil properties to pull water from the p 
\t equilibrium, the system should automatically provide water to the sub: 
is needed. 

.2 INSTALLATION 


The first house around which a subsurface irrigation system was inst 
as located at 5807 Fess Street, in Dallas, Texas, and was founded on soi 
elonging to the Eagle Ford geologic formation. The other house where th 
ystem was placed in the subgrade was located at 5313 Heath Street, Mesqu 
exas, in an area underlain by the Taylor geologic formation. Details of 
loor plan of each house, installation procedure, Instrumentation, bench 
evelong points costs, and soils investigation have previously been given 
urther, contour maps of each floor slab, prices and subsequent to insta! 
f the stabilization techninue have also heen renorted . 0 *2} 


As given 1n Figure 48 and Table 28, the maximum differential moveme 
ong any side of the house is 0.5 inches for January 1978. The climatic 
fects are also apparent with time for the approximate 2 year period or • 
asonal cycles associated with this technique. 

The data shown in Figures 47 and 48 Is even more remarkable when the 
obi ems associated with this technique were considered. This test house 
ndalized on more than one occasion, water service shut off for indeterm' 
riods and the meter removed or stolen. 


2.2 Vertical Movement - 3513 Heath Street, Mesquite, Texas 

Vertical movements associated with the SIS at 3513 Heath Street, Mesi 
xas, are given in Figure 49 . These data are given for information onl; 
cause the system was destroyed by the buyer who purchased the property • 
U.O. Dallas area office. 

Again, vertical movements with time show a distinct correlation with 
Imatic cycles. It is evident from Figure 49 when the system ceased to 
inction, or June 1977. Vertical movements were approximately double for 
ils house as compared to the vertical movements associated with the test 
luse on the Eagle Ford formation. 

Differential elevations along each side of the house perimeter are 
ven in Figure 50 and Table 29. Again this information provides a dati 
ise for two years or four seasonal cycles; however, it is not a factual 
idication of system performance. 


,2.3 Comparison of Vertical Movements 

Comparison of the two test houses on two geologic formations is only 
Ible during the period of time both systems are functioning. For this 
iriod, the SIS performed remarkable well on the Eagle Ford with vertical 
)vements being approximately one half of the vertical movements for the 
3 use on the Taylor formation. Figure 51 and Tables 30 and 31 show abso 
jiues of movement around the perimeter of the house. The data for the 
)use at 5807 Fess Street, Dallas, Texas is factual. The data given for 
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Differential Elevation: Lot 


North Side 

Date ft. In. Cm. 


06- 23-76 

07- 09-76 

08- 16-76 
' 09-09-76 
I 09-29-76 
I 10-21-76 

11- 16-76 

12- 02-76 

01- 21-77 

02- 18-77 

02- 28-77 

03- 11-77 

04- 04-77 

04- 19-77 

05- 24-77 

06- 10-77 

07- 08-77 

08- 05-77 

09- 07-77 

10- 10-77 

11- 04-77 

12- 01-77 

01- 04-78 

02- 06-78 

03- 08-78 


.444 1.128 

.540 1.372 
.204 .518 

.312 .792 ' 

.264 .671 

.336 .053 

.504 1.280 
.516 1.311 
.240 .610 

.492 1.250 
.444 1.128 
.348 .834 

.468 1.189 
.408 1.036 
.468 1.189 
.432 1.097 
.132 ,335 

.180 ,457 

.468 1.189 
.348 .884 

.168 .427 

.432 1.097 
.348 .884 


.312 .792 

.264 .671 


East Side 


In. 

Cm. 

Ft. 

.192 

.488 

,041 

.048 

.122 

.044 

.288 

.732 

.042 

.288 

.732 

.055 

.420 

11.067 

.056 

.432 

1.097 

.082 

.360 

.914 

.061 

.348 

.884 

.071 

.336 

.853 

.044 

.120 

.305 

1 .018 

.108 

.274 

.020 

.252 

.640 

.028 

.252 

.640 

.034 

.180 

.457 ' 

.036 

.204 

.518 

.034 

.192 

.488 

.045 

.540 

1.372 

.050 

.324 

.823 

.047 


.204 .518 

.204 .518 


South Side 
Ft. In. Cm. 


.300 .762 

.252 .640 


.228 .579 

.264 .671 


.492 1.25Q 
.528 1.341 


.504 1.280 


.660 1.676 
.672 1.707 


.984 2.499 


.732 1.859 
.852 2.164 


.528 1.341 
.216 .549 


.240 .610 

.336 .853 


.408 1.036 
.432 1.097 


.408 1.036 
.540 1 .372 


.600 1.524 
.564 1.433 


.528 1.341 
.444 1.128 


.528 1.341 
.516 1.311 


.492 1.250 
.480 1 .219 


West 


Ft. Ir 



.132 .335 












of the test house. 


The plot of absolute values for the house on the Taylor formation 
appeared to be approaching a relative correlation of stability. This can 
be stated with certainty, but there is no reason to presume otherwise. 
Figure 51 gives an indication of the activity of the two test houses on 
two geologic formations and would indicate both data sets are becoming as, 
tot1c with some pertubations , to a horizontal plane. 


5.2.4. Soil Moisture-Temperature Characteristics - 5807 Fess Street , 
Dallas, Texas 


The action of adverse climate is known to initiate soil volume chang 
with time, and corresponding vertical movement. The subsoil moisture dat 
as given in Figure 52 vividly show the effects of climate on moisture sta 
bility in a subsoil. The extreme variation with time on all sides of the 
house and most depths indicates climatic influence over soil moisture. 

For the test house at 5807 Fess Street, Dallas, Texas, a large cotto 
tree was located in the proximity of the Northeast corner of the htiuse, a 
the remainder of the yard was barren. The moisture-temperature cells wer 
Installed in borings at the midpoint of each side of the perimeter. A mu 
wider variation In moisture contents at all depths was observed for the 1 
struments in the North and East side borings. This increased magnitude o 
variation is not considered due entirely to climate when considering the 
maining curves. It is believed the root system of the tree is magnifying 
climatic effects particularly at the lower depths of interest. 

Subsoil temperature variations with time and depth are given in Figu 
These data give an excellent indication of climatic effects on subsoil te 
perature variation. The curves have the characteristic sine wave shape w 
out lag time and the curve amplitudes decrease with depth of soil cover, 
temperature means and standard deviations are given in Table 32. 


5.2.5 Soil Moisture-Temperature Characteristics ~ 3513 Heath Street , 
Mesquite, Texas 


The moisture data given in Figure 54 do not show the extreme 
/ariatlon for this test house as it did for the house on the Eagle Ford f 
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Fig. 51 Maximum Perimeter Differential Movement Comparison on 

Different Geologic Formations Sub-Surface Irrigation Sys 


Date 


Movement 

Inches 


Cm. 


Oune 

23, 

1976 

.047 

July 

9» 

1976 

.060 

Aug. 

16, 

1976 

.046 

Sep. 

9, 

1976 

.055 

Sep. 

29, 

1976 

.059 

Oct. 

21, 

1976 

.082 

Nov. 

16, 

1976 

.072 

Dec. 

2, 

1976 

.074 

Jan. 

21, 

1977 

.104 

Feb. 

18, 

1977 

.042 

Feb. 

28, 

1977 

.046 

Mar. 

11, 

1977 

.055 

Apr. 

4, 

1977 

.060 

May 

24, 

1977 

.064 

June 

10, 

1977 

! .055 

July 

8, 

1977 

’ .051 

Aug. 

5, 

1977 

’ .062 

Sep. 

7. 

1977 

1 .053 

Oct. 

10. 

1977 

1 .057 

Nov. 

4, 

1977 

1 .057 

Dec . 

1. 

1977 

1 .059 

Jan. 

4, 

1978 

1 .053 

Feb. 

6. 

1978 

.050 

Mar. 

8, 

1978 

.046 


.564 

1.433 

.600 

1 .524 

.552 

1 .402 

.660 

1.676 

.708 

1.798 

.984 1 

2.499 

.864 1 

2.195 

.888 1 

2.256 

1.248 1 

3.170 

.504 1 

1.280 

.552 

1.402 

.660 

1.676 

.720 

1.829 

.768 

1.951 

.660 

1.676 

.612 

1.554 

.744 

1.890 

.636 

1.615 

.684 

1 .737 

.684 

1 .737 

.708 

1 .798 

.636 

1 .615 

.600 

1 .524 

.552 

1 .402 




^wiij Iicauji outccL, ritr^ljUJLc, ieXdS 


Maximum Perimeter Differential Movement 


1 Date 

1 Mar. 

16, 

1976 

j June 

25, 

1976 

1 ^uly 

7, 

1976 

Aug. 

11. 

1976 

Aug . 

24, 

1976 

Sep. 

14, 

1976 

Sep. 

30, 

1976 

Oct. 

22, 

1976 

Nov. 

18, 

1976 

Dec, 

21, 

1976 

Feb. 

7. 

1977 

Feb. 

21. 

1977 

Mar. 

4. 

1977 

Mar. 

25, 

1977 

Apr. 

11, 

1977 

May 

23, 

1977 

June 

9, 

1977 

July 

12. 

1977 

Aug. 

11. 

1977 

Sep. 

15. 

1977 

Oct. 

21, 

1977 

Nov . 

11. 

1977 

Dec. 

20. 

1977 

Jan. 

5, 

1978 

Feb. 

13, 

1978 

1 Mar. 

10. 

1978 



Movement 


Inches 


.288 

1.188 

1.140 

1.104 

.924 

.660 

.756 

.552 

.804 

.936 

1.008 

1.152 

1.128 

1.332 

1,356 

1.620 

1.464 

1.152 

1.392 

1.404 

1.331 

1.248 

1.248 

1.188 

1.116 

.912 


.732 

3.018 

2.896 

2.804 

2.347 

1.676 

1.920 

1.402 

2.C42 

2.377 

2.560 

2.926 

2.865 

3.383 

3.444 

4.115 

3.719 

2.926 

3.536 

3.566 

3.383 

3.170 

3.170 

3.018 

2.835 

2.316 




0 North S1fle Boring 
o East Side Boring 
4 South Side Boring 
» West Side Boring 

* Refers to Depths Below Perimeter Grade Beam 

Fig. 52 Soil Moisture Content - Subsurface Irrigatl 
System - 5807 Fess Street* Dallas, Texas 
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sly been noted that this formation was dense and contained 
tnoH ^^tactures Further, the soil within the depths of 

materials. Consequently, water ccjld 
Initially. As these avenues closed, 
n through th© subsurface soils v/ould depend on the soil per- 
adequate distribution. The mixture of silts and sands within 
provide the soil matrix with a higher perneabillty and '"ore 
re migration. This condition Is indicated with exceptions by 
or the curves indicated by depth 4. the anomaly indicated by 
ells on the East and West sides of the test house are considered 
These significant variations In moisture contents within 

rirlc a a 4* r^nok a ...A, ... .> 


ors 


w. o . I iicac 3 lyn u juqm, vdr id nons in moisiure conienis wi 
e periods and at such a depth would not occur so abruptly. 


;a given In Figure 54 are appropriate only for the ti^-e the sub- 
itlon system was operative. Beyond that time, data values re* 

: effects modified by a foundation watering program the new 
lOuse initiated after discussion with research personnel. 


lerature variations with time and depth are given in Figure 55. 
Istic shape with time and depth is again noted. The Instru^en- 
led In the subsoils for this test house location are operative, 
le subsurface irrigation system was destroyed. Consequently, 

)W conclusively that soil temperature may be considered a 
Umatlc temperature cycles and moisture movement Into or out of 
IS little, If any, effect. The values for temperature reans and 
itions are given in Table 33 , page 118. 


arisen of Moisture-Temperature Characteristics 
premise in the use of a subsurface 

soil under pressure. 

investigation established among the^tnd^^ 

moisture content of 24.2 ^ 24 5 ); ^,fth a sini- 

lias, = • The ^varag P St c 
ntent below the P'est c Limn or w 
of Montmoril Ionite elay relatively close insttu 

a soil depth of f illustrates the effectiveness 

content to give up and take in 


.utcuMwuuu Lree at tne Northeast corner of the house augmented climatic 
errects in taking a significant percentage of water from the soil. 


of climate are not as extreme at the test house at 3513 
?ndM '"''®st1gation established among 

Limn ™s n , H “’sture content of 29.5%. The average Plastic 

These vane '.rVjn Vh ™x’™'”^^eviation of moisture content was ) 5 %. 
inese values are for the upper five feet of soil. It should be noted that 

content given was for the upper one foot of soil 
»as K.3 dipij. ;; !nt.r«i j; tS 

irrigation svstpm wac zf ^fie soil. As the subsurface 

it would follow thrLnnrl rlt aPProximate depth of moisture defici 
d^and requi'r^ent and rel n tah?* S '* t''® soil moisture 

by Figure 54 , page 119, /\t other denthl^nf^^ system was operative as show 
however, as the natural moistwe coSt ’ ""r® ''ariation occur 

the demand would be less This variatlL Plastic Limit 

system was in operatio” 'could bl ‘ the lower depths, while the 

but may be primarily due to variatio^n subsoil pr'o^lrtles!^™'^'' 


for the two test hous« indlcnl Lcellent al time and de[ 

ind 55pagesll7andl20. These tw^tllrhouf^ 5 

liles and located on different geologic formltinn^wM'^r®^®'^ ® number c 
-ion that variations in soil temperlturel Inf a ^ todte 

■oil are a direct function of cl1matirtLn=^ Insulating properties of 

'ap 121. give the values of tem elaturp^^^^^ ^®^’®s32 and 33. 

11 depths of interest for these^w^tLt houses'''^ standard deviations at 


.3 


STA3TI T ZATtok, 

TU-^ • 


- - » > j lun 

schniquVwirtI dSi^f i/a"®reYathryv'l'“'"^®“ Inrigation stabil izatic 
ong with the known characteristics of utlllz 

te volume change due to cl Imatic conditf to inhibit or 
^,!lJ®°"’Pedy1ng differential movement^ in ^li^lt volume 2h 

ivation would be a minimum for install J? Penimeter subsoils. Arex- 

r?ka°riL''’'‘' ® °«"®F who is exper"ierf involvL c, 

movements associated with expan1f::'cU;io?ir'® 

I I fl 


InltlatL ^iPPear to be vaHH^ moisture demand of th 


i « iv-anu lyic iti returning a staoie 

it was established that com- 

Jtlon of the subsoil was not possible with this technique, 
movements above and below an equilibrium or stabilization 
itively small, they are not totally eliminated. 


con- 


1 a number of problems associated with the use of this stabili- 
Je. One of the problems was a control system for water pressure 
)w. For this technique to be viable, the system would essen- 
be tamper proof. Another problem for consideration would be 
;errupted water service to a house having this type of subsoil 
ystem. During the period of this research program, water ser- 
upted on many occasions, and the system was essentially de- 
! test house at 5313 Heath Street, Mesquite, Texas. Finally, 
r of this porous rubber pipe has gone out of business in the 
th area and it is not known if any source of supply exists. 


for utilizing this stabil ization technique are relatively low. 
neal foot of house perimeter at 5807 Fess Street, Dallas, Texas 
cost per lineal foot of house perimeter at 3513 Heath Street, 
was $3.78. Both cost figures could be reduced significantly 
accomplishing the excavation and backfilling required to bury 
the perimeter, 


ferentlal movements associated with climatic effects were 
a sufficient market could be developed to warrant manufacture 
ipe, then perhaps additional consideration could be warranted, 
jwever, the use of porous rubber pipe as a subsoil stabil iza- 
Is not justified. 


SUMMARY AND CONCLUSIONS 


6.1 SUMMARY 


could be used to restore hou'ipc techniques wh1 
expansive clay soils All technin»pr^ by foundation movements caused t 
-ss Of soil beneath*the'L\lteu^ stabilizing' 
Both equipment and materials ^ ^’ve feet or mor 
ques Investigated were readily availL^rtn^® "“'’"“"stabilization teeh 
nomical alternatives Furthpr r^ncf/i *? ^ contractor to determine eC' 
and to portions of the wor^a to certain techn 
protect his investment. could accomplish to reduce costs 


J" thU ^^estlgatlon were HUO owned 

d." ."a*;r t“:“ ;:sr'";Lr''*'i ;.r 

-"“la'grs- 


•ot aS'd;;';s;d"r.srf,:,'K'" *•• • •-i-nd oiin,.t. 


ilii?PSSs#ss 

ssrasilsiips 

The success, or fpiii.w.., 


n mi 


me success or fail 

lapeid'iS'Se-'; 
'^e^efL^®?v\^"eL'o^"L*ch 


win() comiiKints suninmrize the relative effectiveness of each 
illzatlon tecfiniquo to m 1 nlmi 2 e volume change of the expansive 
Uu* two geologic formations. 

Pressuro Inj ectio n: If for no other reason the high 
his techni<iue makes It uncompetitive with other methods. The 
lineal foot of house perimeter was $26.49 for the house at 
32n(i Street, Grand Prairie, Texas, and the cost per lineal 
'le itouse porinieter was $28.27 for the house at 2710 Cary Drive, 
Texas. The large differential movements and soil moisture 
luctuations with climatic conditions, and without a lag time, 
a barrier to Inhibit moisture migration was not provided. This 
:ir Justified by comparing moisture data from the Instruments 
in a boring placed well outside the injected area, with 
;onterit variations from instruments inside the Injected area. 
jiiKints were placed at equivalent depths in the soil. It was 
that the lime slurry pressure injection process was not an 
.stabilization technique for houses damaged by expansive clay 


l_lar_y Oarrior^ The use of this technique for stabilization 
ion subsoilT for homes damaged by expansive clay soils appeared 
able technique. A definite factor In favor of this method was 
sing amount of cost reduction possible depending on the amount 
homeowner would contribute. The ultimate situation would 
re the services of a trenching company to dig the narrow 
xcavation around the house and delivery of graded . 

terlal. A summary of performance of this stabilization techni- 
n as other vertical moisture barriers Is given In Table 27 . page 
values given are maximum values for January 1978, . P, . 

Detailed review pf this technique as ^ 

The figures on vertical movements around f ...t 

nlformlty of movement between ’f for instalUtlon 

Cedar Keys Drive, Lewisville, Texas, the cost for 

Jblllzing technique was only $3.£ P®"" Texls^ the 

For the test house at 9909 Bluffereek, Texas, the 

3.71 per lineal foot of house effort. 

1 are first time aPP’ ^0^10 the Increased 
«d previously, these costs would be reducea oue 

i of trenching equipment now available. 


homeowner participation, primarily involving removal fjpo 1 resulting 
from the excavation process. To install this vertical barrier, as 
accomplished in this research program, specialized equipment is essential 
Consideration is warranted for a simpler formulation of barrier mixture. 
The basic material of chopped-up rubber tire carcasses would still be 
considered as the basic aggregate, however, testing for other binding 
agents needs to be accomplished. Particularly, an alternate material to 
emulsified asphalt needs to be developed since it is expensive and dif- 
ficult to work. The primary objective is relative linpermeabil ity. The 
strength of the membrane is not an essential consideration. 


Table 27 , page 101 , show data values for the houses treated by 
this stabilization technique as the maximum values for January 1978. 

Data showing variations of foundation movements with time indicate the 
techniques effectiveness. The relative uniformity of vertical movement 
between leveling points around the house perimeter are indicative of 
technique effectiveness. These data are reinforced by the figures re- 
lating to subsoil moisture content variations with time and depth. 

Data reflecting narrow band widths with time, for all depths of interest, 
indicate relative stability, or negative influence of the climatic cycles 
For the test house at 461 Sweetbriar Drive. Lewisville, Texas, the cost 
of the rubber barrier was $5.41 per lineal foot of house perimeter. For 
the house at 1314 Athens Street, Mesquite, Texas, the cost was $5.79 per 
lineal foot of house perimeter. Again, the costs given could be reduced 
by use of modified trenching equipment now available to the building 
industry. 


The introduction of water to the foundation subsoils surrounded by 
a rubber vertical barrier could be accomplished by a homeowner. A 
small diameter hole could be punched through the barrier at intervals. 

A commonly available root feeder Injection lance could be inserted Into 
the subsoils beneath the perimeter beam for water Injection. As numerous 
applications of water would be required, the holes could be temporarily 
plugged by tapered wooden dowels. After relative stability is achieved, 
the holes could be permanently sealed with a rubber caulking compound. 



MVi) t.o niit climatic nffocts and attendant 

of foundation Mihsoil:, w<is considered to he a viable stablli- 
|ue. A llniltf^d anu)tjnt o1 lioiueowner cost reduction could be 
ly rc'tiioval of ‘.poll mattn'i.il from trench OKcavatlon. The 
al could be Irv-tallial more effectively hy utilizing readymix 
■; iMiu1pp{Ml wll.h extended delivery chutes. Strength is 
inpennealii 1 I ty» :.o a low cement ratio could he utilized with 
ere 1.0 Ire. lire suffh.liint fines In the mix for a minirruni void 
'ould Insin*!' a {iilnliiuini cost to the hoiiu'ownor. 


e:. Iroiii Table X/ for the two houses using this stabilization 
tlu‘ maxtiiuiiii valu(“. for January 19711. All values given In 
tiown for coinparl'ion. However* the data values varying with 
cal niovf'ment!. and dl ffer'(!nt1al movoiiionts are given In detail 
nd indicatt! the tiichiilgue of fectiveniess. The uniformity 
veiiKJiif.*. between hjveltng points around the perimeter of 
excellinit per'foi'inance indicators. This performance Is 
iiied l»y the figurrei Indicating the stability of subsoil 
nt!; with tlnu? at all depths of interest. 


[juse at ll'i7 fastwood Drive, l.ewisvlllc, Texas, the cost 
tills teclin li|ue was S'!. 79 per lineal foot of house perimeter, 
it Dulmer, (lalch Spr'ings, Texas, the cost was $4.54 
t of foundation p(!rlni(:ter. Those costs would be reduced 
[lasons (|(v(‘n In Paragraph c. 


luction of water Into the foundation subsoils could be 
/ the hom^iowfier in a similar manner as that described for 
Lical harrier <ilj;cussed In Paragraph c above. However, 
iddlng water would be drilled through the barrier or pre- 
llod dowels while the concrete was still plastic. 


• SystGm;^ The Installation of the subsurface 

;ei)i to stabilize the subsoils beneath a house subjected 
'wnonts resulting from soil volume changes induced by 
;lons was not completely effective. Differential movements 
itively stable value and vertical movements become rela- 
around the house perimeters, but climatic effects are 
1 . The magnitudes of vertical movement would appear to be 
linlmum, but the floor slab will undergo flexure which 
iiiiatic changes. 

low cost system for which the cost of installation could 
y reduced by a homeowner. This would include all excava- 
ll1ng labor required to install the system. The house at 

t, Dallas, Texas, cost $2.70 per lineal foot of house 
...L- I ori*3 Uiiafh Mp«;aiiir.e. Texas. 


Considerable difficulty was experienced during the period of t 
study In keeping the system in operation at both test houses. Ther 
were indeterminate periods of time when outages occurred at each lo' 
tion due to vandalism, water shutoffs, and ultimately system destru' 
during August 1977, for the house at 3513 Heath Street, Mesquite, T 

The subsurface irrigation system must be considered an active . 
opposed to a passive system as discussed in paragraph b, c, and d ai 
as mechanical components are required to function properly for a su< 
cessful system. This was found to be undesirable as there are too i 
ways to tamper with, or defeat the system. There are too many prob' 
inherent in such a system at this time, and climatic cycle influenci 
still is associated with the foundation subsoils. The subsurface ii 
gation system cannot be considered a realistic stabilization technic 
for houses damaged by expansive clay soils. 

For all techniques discussed in paragraphs a through e above, data < 
Ition has continued over approximately two years or four seasonal clima’ 
ycles. These data include vertical movements referred to a permanent b< 
ark, subsoil moisture at various depths and suJssoil temperature at equ^^ 
epths. By various presentations or interpretations of data, it was appe 
hat achieving soil stability was a time dependent process, as was the dc 
ondition associated with the shrink and swell process of expansive clay 


.2 CONCLUSIONS 


This two year study of methods to restore houses damaged by actions 
ssociated with expansive clay soils to a usable condition indicates cer1 
entative conclusions. 

House and yard maintenance were considered directly related to the r\ 
itude of house damage caused by differential vertical movement. The mac 
f these movements is a time dependent process which is influenced by thi 
Bverity or extremes of the climatic cycle. This influence can be modifi 
/ providing adequate water to areas around the house. The amount of wal 
r the necessary watering program would be dependent on those sides of ti 
3use subjected to the greatest severity of the climatic drying cycle anc 
Dcation and number of trees. 

The addition of water to foundation subsoils was not and could not t 
cpected to completely eliminate prior movements associated with shrink s 
veil actions. This process is not a linear type relationship, and as t^ 
,cpe soils shrink a reorientation of the clay minerals occurs. When a sv 
ig cycle is initiated, water will be taken into the double layer of the 
insive clay minerals. However, these minerals will not return to their 
'iginal positions due to some interlock of soil particles and the inhert 




k . 4.U j 1 1- jul'' ^ -j-vv.... I Mc uQi I ler- ueptn was llm 
shed by the availability of trenching equipment. Consequently, 
question whether a deeper barrier would function better, or a 
a shallower depth with reduced cost would perform as well as those 
Further, It was concluded that other type barriers utilizing other 
er material could be developed which would also accomplish the in- 
pose. However, this research effort was to utilize common materials 
ques by which the cost could possibly be reduced by homeowner par- 
. It Is not believed, that the capillary barrier will be a deter- 
Dt systems from trees crossing the barrier to obtain desired mols- 
the foundation subsoil. 


the results of this research it was concluded the use of a vertical 
apillary or relatively Impermeable, is a viable concept to stabilize 
subsoils from volume changes resulting from climatic cycles. Along 
irrier, the moisture content of the subsoils must be raised the 
3 percent above the average Plastic Limit of the subsoils down to 
3f the barrier. This action will place the mass of subsoil in a 
ible moisture regime whereby the volume change of the soil mass 
Bss than five percent of its total potential. The addition of 
he subsoil will cause the soils to increase in volume and displace 
erlmeter upwards. Low perimeter edges would be the normal distress 
his area. The amount of time for the soil mass encompassed by the 
reach a stable condition is a function of the expanive soil pro- 
i how fast the added water will diffuse through the soil to approach 
r1um condition. The end result would be for the damaged house and 
soil to behave as a single entity whereby this condition would be 
3 remain essentially constant. This would permit cosmetic repairs 
:ted, both inside and outside the damaged structure, and restora- 
jsable condition. 
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